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INTRODUCTION 


This report summarizes the work completed on the hydrology within the 

Santa Clara Valley Water District's East Flood Control Zone. Presented in the 

report are recommended design flows from Berryessa, Coyote, Silver and Upper 

Penitencia Creeks and each of their respective tributaries. They are divided 

into several hydrologic studies each containing a table of contents, general 

information about the physical and hydrometeorological features of the basin, 

and a discussion of the procedures followed. This last item includes the 

analysis of recorded data as well as recorded and reconstituted data. It also 

includes a comparative analysis of the regional and the site-specific statistics 

The choice of the final design flows is based on findings from the above 

results. It is the intent of this report, as well as other similar reports, to 

present a documentation of the hydrologic assumptions made, together with steps 

taken in the mathematical calculations. Each creek wass originally treated 

separately. Inasmuch as the study has been combined in terms of flood control 

zones, some redundancy is to be expected. 

The following is a list of the tributaries analyzed in these studies: 

Coyote Creek Hydrology 

Coyote Creek 
Fisher Creek 
Packwood Creek 
Upper Silver Creek 

Lower Silver Creek Hydrology 

Cribari Creek 
Evergreen Creek 
Flint Creek 
Fowler Creek 
Lower Silver Creek 
Miguelita Creek 
North Babb Creek 
Norwood Creek 
Quimby Creek 
Ruby Creek 
South Babb Creek 
Thompson Creek 
Yerba Buena Creek 
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Upper Penitencia Creek Hydrology 

Upper Penitencia Creek 

Berryessa Creek Hydrology 

Berryessa Creek 
Calero Creek 
East Penitencia Creek 
Ford and Wrigley Ditches 
Los Coches Creek 
Lower Penitencia Creek 
Piedmont Creek 
Sierra Creek 
Sweigert Creek 
Tularcitos Creek 



SUMMARY OF METHODS AND PROCEDURES 


General 

The District has established its flood protection criterion for watershed 
areas greater than four square miles based on flows which has a 1% chance of 
being equaled or exceeded in any one year. For watershed areas between one 
and four square miles the criterion is the 2% flood and for watershed areas 
between 360 acres and one square mile it is the 4% flood. 

The accompanying reports represent the 1977-78 update of the design 
flood flows for use in the design of flood control facilities in Santa Clara 
County. They present documentation for the calculation of the 1% and 10% 
design flood flows. Other design values (2% and 4%) are not presented herein; 
they could be obtained upon request. These values were calculated using the 
District's methods and procedures as augmented and modified by the recommenda¬ 
tions of the panel of expert hydrologists* convened to review the methods in 1976 
(Ref. 8). It was assumed in the derivation of. these design flows that the channel 
system is free from major constrictions or significant flood storage (reser¬ 
voirs are handled separately) and that the floodwaters at ,the design level are 
completely contained within channel banks or relatively narrow floodway limits. 

The District's method of determining the design peaks and volumes of 
floods utilized all available sources of information to derive the most 
accurate values possible. In general, this method began with the use of 
Regional Regression Equations to compute peaks and volumes. These peaks and 
volumes were compared with the results of an analysis of. reliable recorded 
streamflow data when such exist. The values were also compared with the 

*The panel members were Leo Beard, Dave Dawdy, Neil Grigg, Douglas L. James 
and Vujica Yevjevich. Their report, "Review of Basic Hydrology Methodology 
for Flood Control" Santa Clara Valley Water District, 1976, is available from 
the District library. 
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results of a rainfall-runoff model before the final "design flow" classifica¬ 
tion is given. Where design flows are presently affected by reservoirs or 
by urbanization, special analyses accounting for their effects were performed. 
Finally, the design flows were compared with the results of other studies and 
with previously determined design flows. The results of such comparison are 
useful to further define the design values. 

Hydrographs were derived utilizing the Corps of Engineers' standard 
project storm and the Clark Synthetic Unit Hydrograph technique. The peaks 
and volumes of these hydrographs were then adjusted to agree with those 
values derived from regional or local statistics. The flood hydrographs 
obtained this way are considered representative for use in the design of most 
flood control facilities. However, where flood traps (small volume peak 
skimmers) are being considered, a sensitivity analysis of the design relative 
to hydrograph shape should be conducted. 

Following is a more detailed disucssion of these methods. Full documen¬ 
tation of the analyis of each stream is available in separate reports. 

Regional Regression Analysis 

The backbone of the District's hydrology is the application of the 
Regional Regression Equations (1976) for the determination of flood peaks and 
volumes. These equations were obtained by analyzing recorded streamflow 
data (peak flows and their respective volumes) from stations within and out¬ 
side the District. The data were correlated, expanded, and the resultant 
statistics adjusted to obtain the dependent variables (mean, standard devia¬ 
tion, and 1% flow). These statistics were then regressed to the physical 
characteristics of their respective basins (independent variables) by means 
of a mathematical process called Multiple Linear Regression. The regression 
equations chosen had minimal standard errors of estimates and maximum 
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determination coefficients. These equations are applicable to all unurbanized 
locations within the District to generate statistics for the determination of 
design flood peaks and volumes. 

Gaged and Ungaged Locations 

At gaged locations the statistics from the regression equations were 
compared with the site-specific statistics obtained from recorded data when 
such data were usable. The statistics from recorded data were obtained using 
the methods presented in the Water Resources Council Bulletin #17 (Ref. 2). If there 
were significant differences between the regional and site-specific results, 
then new statistics (weighted with respect to their respective standard errors) 
were calculated. These statistics, together with a Pearson Type III distri¬ 
bution a -0.6 regional skew coefficient or a weighted one, were used to 
determine the frequency regime. 

At ungaged and rural locations, the results of the regression equations 
are considered to provide the best available information and, hence, are to be 
used for analysis and design. 

Techniques Used for Developing Flood Hydrographs 

Pattern runoff hydrographs are obtained from rainfall using Clarkes 
Synthetic Unit Hydrograph method (as developed by the Corps of Engineers' 

HEC-1 computer program). This rainfall-runoff transformation involves the 
determination of loss rates, synthetic unit hydrograph parameters, spatial 
distribution of rainfall over the watershed and temporal distributions of 
rainfall rates within one storm. The first two items are usually obtained 
from projections of optimized results of recorded rainfall and its respective 
runoff data. The averaging of rainfall over the basin is usually done by 
the regular Theissen weighing operations. The temporal distribution is 
determined generally by using the Corps of Engineers' Standard Project Storm 
for Northern California. 
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If the peaks and volumes of the pattern hydrographs obtained are 
drastically different from the regional or site-specific results, then the 
reasons were investigated and, if justified, further adjustments were made. 

In this study, the rainfall-runoff-generated peaks and volumes are found to 
generally agree with regional or statistical values when average rainfall 
and area configurations were present. To avoid the uncertainties inherent 
in the rainfall-runoff transformation, the peaks and volumes, generated from 
this transformation are balanced by regional values, 

The balanced hydrographs obtained above are then combined with other 
hydrographs and routed downstream. The routing was done using linear methods 
(e.g., Muskingum by computing k' when x = 0) if routing through channel system, 
or nonlinear methods (modified Pulse) if significant storage is available.- 

Rainfall distribution, time of concentration and the various routing 
operations are the items that define the shape of pattern hydrographs, with 
rainfall distribution being the foremost. The effect of the shape of these 
hydrographs, given constant peaks and volumes, may become significant when 
flow trapping is being considered as a flood protection measure. An in-depth 
analysis of the shape was not attempted as a part of this work. 

Regulated Watersheds 

In regulated watersheds, regulated by reservoirs, the design flows are 
assumed as inflows to the reservoirs. The initial storage levels of the 
reservoirs that coincide with the design flows of certain frequencies are 
computed from the stage-duration frequency (S.D.F.) analysis of daily 
recorded reservoir volumes. The Corps of Engineers' Coincidental Frequency 
Analysis (discussed in Leo Beard's "Statistical Methods") procedures were 
used to solve this compounded probability problem. At most reservoirs, the 
S.D.F. curves after 1968 were used because, since that time, the reservoirs 
have retained more water in storage longer to enhance recreation. 
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Urban Hydrology 


The above procedures are applicable mainly to rural watersheds. For 
urban watersheds, the methodology changes and the regional regression equations 
do not apply. 

Urban hydrology deals with the effects due to two major changes in the 
watershed, namely: 

1. Increased imperviousness 

2. Channelization 

The increase in imperviousness is caused by rooftops, streets, parking 
lots, driveways, and other man-made ground surface cover. Channelization 
includes the flow of water in gutters, storm drains, improved channels, etc. 

An increase in the imperviousness tends to reduce the loss rates and increase 
the runoff volumes and peaks, while channelization may either increase or 
decrease the peaks. It depends on the magnitude of the flood and the storage- 
discharge capacity of the various channels or storm drain systems that carry 
the flood. 

To determine the effect of increased imperviousness, the urban area of 
every watershed was divided into subareas tributary to the major storm drains. 
These subareas are then transformed into equivalent rectangular subareas where 
the length is equal to the length of an equivalent street. The ratio of 
imperviousness (which is a measure of land'use) is then used to subdivide 
this equivalent subarea into two sub-subareas of pervious and impervious parts. 

In order to calculate the separate inflow hydrographs from the tivo sub¬ 
subareas, the unit hydrograph procedure was employed using separate times of 
concentration for both the pervious and impervious parts. The routing 
coefficient is calculated from the length and width of these areas. The loss 
rates, which are the third set of parameters needed for the computation of 
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the one percent flood hydrography are assumed to be 30 percent for the pervious 
part and five percent for the impervious part. Since most of the floodwater 
from urban areas is conveyed to flood control channels by the storm drain 
system, these hydrographs are routed through the storm drain system utilizing 
the modified Pulse routing method. This routing requires storage-discharge 
curves for the system of streets, gutters, manholes, and storm drains. Two 
actual urban areas, one of low-density residential and another of high-density 
residential and commercial, were used to develop equivalent generalized storage 
facilities and storage-discharge curves. The resultant curves were transformed 
to reflect unit areas, and then compared with each other. Since the two curves 
are very similar, an average smooth curve was chosen and used. 

Because most of the urban area in Santa Clara Valley is in the flatland 
and similar storm drain design criteria were used throughout, it is assumed 
that the unit storage-discharge curve that was obtained from the above study 
is applicable to all the urban areas in the Valley. 

The above method is detailed in a paper presented before the National 
Symposium on Urban Hydrology in 1976. 

Upper 80 Percent Confidence Limits 

As a District policy, the upper 80 percent confidence value for the 1% 
design flow rate is used as one input to define freeboard criteria. It is 
defined as the value at which there is a 90 percent chance that the design 
flow is equal to less than the given value. It relates to the standard errors 
associated with the statistical inferences of information about populations 
from very limited samples. These values are calculated using the Non-Central 
Student "t M Distribution as shown in the Water Resources Council Bulletin #17. 
Previous Studies and Coordinated Results 

As a part of the design flood flow determination procedure, all avail¬ 
able hydrologic analyses done on any watershed were reviewed and considered. 
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These previous analyses were sometimes the result of an in-house effort and 
other times the result of efforts of other agencies. 

Because of the nature of random events, especially in the case of small 
samples, the results obtained from previous analysis were not necessarily 
congruent with the new values. Therefore, an in-depth search of the adequacy 
of the various results and methods involved was done. 

As a result of this study, some of the adopted values were supported not 
only by District-developed methods and techniques but also by those of the 
Corps of Engineers and others, 

Further Information 

The attached information is only a summary report of that available. 
Additional information, available upon request from the Hydrologic Library, 
is listed below: 

1. Hydrographs, either plotted or numerical, at all locations. 

2. Runoff from intermediate areas such as urban runoff. 

3. Recorded streamflow data at most gaged locations. 

4. Stochastically estimated data at most gaged stations. 

5. A full spectrum of statistical analysis of the above data which 
include the investigation of outliers, the incorporation of historic flows, 
and the adjustment of statistics and probabilities. 

6. Statistical analysis of rainfall data on all gaged locations. 

7. Complete descriptions and documentation of computations done for 
other streams in the County. 

8. Other supporting documents of the methods like the 1976 Panel of 
Experts Report, the 1976 Regional Regression Study, Paper on Urban Hydrology 
and Reports by Zone, discussing the hydrology in detail. 
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GENERAL INFORMATION 


Coyote Creek drains the western part of the Diablo Mountains. The water¬ 
shed (Figure 1-1) covers the area from the County boundary-in the north to 
Kickham Park in the south. The upper reaches of the creek are controlled by 

two reservoirs: Coyote (23,600 acre-feet, built in 1936) and Anderson (91,280 
acre-feet, built in 1950). 

The watershed tributary to Coyote Reservoir (118 square miles) is drained 
by the east and middle forks of Coyote Creek that join near Soda Spring Canyon 
to form the Upper Coyote Creek. From there the creek flows south to a point 
near the Canada De Los Osos where it changes direction and flows north to Coyote 
Reservoir. The average slope of these reaches is, 1%. 

The watershed tributary to Anderson Reservoir, excluding the Coyote 
Reservoir Watershed, is drained by Shingle, Las Animas, and San Felipe Creeks. 
The flow pattern of these creeks is southerly until it reaches Anderson 
Reservoir. The average slope of these reaches is 1%. 

Downstream of Anderson, the flow of Coyote Creek is mainly towards the 
north where is travels a distance of more than 50 miles at a 0.4% slope before 
reaching the bay. Fisher, Silver, and Penitencia Creeks join Coyote in the 
lower parts. 

The upper watershed of Coyote Creek is mainly rural while the lower parts, 
downstream from the intersection of U. S. Highway 101, are mainly urban. 

The existing capacity of the main channel of Coyote Creek ranges from 
12,000 cfs downstream from Anderson Reservoir and 13,000 cfs at Ford Road (S. C. 
No. 58) to 2,000 cfs downstream of Route 237, 

The Coyote Basin has warm, dry summers and mild, wet winters. The mean 
annual precipitation ranges with elevation from a low of 13 inches near the bay 

S’ 

to a maximum of 28 inches near Mount Sizer (3,217 feet). 
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The ground cover is mainly pastureland with light forest cover in the 
valleys and canyons. 

The objective of this report is to document the hydrology work done to 
determine design flows. It will discuss the use of regional regression equa¬ 
tions and the analysis of recorded data together with the special treatment 
of regulated and urban watershed. 
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PREVIOUS STUDIES 


Over the years, the hydrology of Coyote Creek has been analyzed and 
reanalyzed by both the District and the Corps of Engineers. 

The following is a brief discussion of these studies: 

Corps of Engineers Study , 

In February 1970, the Corps of Engineers issued a report, "Floodplain 
Information, Coyote Creek". The hydrologic results in that report reflect 
the data until that date. In June 1977, the San Francisco District of the 
Corps issued a preliminary office report, "Hydrologic Engineering Office Report, 
Guadalupe River and Coyote Creek", The results from the 1977 report are listed 
in Table 2 for comparison with District values. 

Santa Clara Valley Water District 

In 1961, and before the development of the regression equations for 
predicting the flood peaks and volumes, an attempt was made to define the 
design flood on Coyote by utilizing the unit hydrograph theory and the S-curve 
techniques of the Corps of Engineers, This work was conducted by Dale Burnett 
of the Corps and yielded standard project flood peaks that were the basis of 
the Corps of Engineers 1970 values. 

In 1968-69, the results from the earliest version of regional regression 
equations were used to balance peaks and volumes of a model hydrograph. A 
100-year flood inflow to Coyote was found to be 28,500 cfs, with a 23,000 cfs 
outflow and 29,300 cfs inflow to Anderson, with a 22,300 cfs outflow. 

In late 1969, a further study was conducted utilizing the operation of 
the reservoir to give a firm yield of 34 cfs. The outflow from Anderson was 
estimated at 20,000 cfs and the rest of the design flow is listed in Table 2 
(Comparison of Results and Choice of Storm Duration). 
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DISCUSSION OF.PROCEDURES OF PRESENT STUDY 

Basin Characteristics and 1% Regional Flows 

The Coyote Creek Watershed is divided into two major watersheds. Coyote 
rural, which includes subareas A, B, C, D, E, F, G and H^; and Coyote urban, 
which includes subareas U^, I, J, K and L (Figure 1-1) . The rural subareas have 
the following basin characteristics and the preliminary 1% flows as calculated 
directly by the regional equations. 


Location 

Sub- 

Area 

Drainage Area 
(sq. mi.) 

Mean Annual 
Precipitation 
(in.) 

LL s 

(mi ) 

Tc 

(Hours) 

Q 1% 

(cfs) 

Coyote Creek at 
USGA #1698 

A 

109.00 

22.5 

1935 

6.0 

21,848 

Coyote Creek at 
Coyote Resv. 

B 

9.68 

20.3 

21 

1.5 

2,426 

Coyote Creek at 
Anderson Resv. 

C 

51.84 

20.5 

1587 

5.8 

12,754 

Coyote Creek 
Upstream 

Fisher Creek 

D 

12.55 

19.5 

853 

4.8 

4,465 

Fisher Creek 
Upstream 

Coyote Creek 

E 

15.78 

20.8 

462 

4.2 

4,857 

Coyote Creek at 
SCVWD #58 

F 

8.00 

15.6 

213 

2.9 

2,702 

Upper Silver 
Creek Upstream 
Coyote Creek 

G 

5.96 

15.4 

275 

2.35 

2,290 

Coyote Creek 
Upstream 

Silver Creek 

H 1 

2 .18 

14.8 

12 

.58 

768 
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Urban areas, shown below, are treated with the District's method with a 
60% ratio of imperviousness representing medium residential density. 


Location 

Sub- 

Area 

* Drainage 

Area 

(sq. mi.) 

Mean Annual 
Precipitation 
(in.) 

Tc 

(Hours) 

Coyote Creek 
Upstream Silver 
Creek 

H2 

Ai = ..83 

Ap = ..56 

14.8 

Ti = 
Tp = 

. .62 
2.62 

Coyote Creek at 
Highway 280 

I 

Ai = 4.73 

Ap = 3.15 

14.0 

Ti = 
Tp = 

.62 

2=.62 

Coyote Creek 
Upstream Lower 
Silver Creek 

J 

■ •’/ - 

Ai = .83 

Ap = .55 

13.3 

Ti = 
Tp = 

.62 

2.62 

Coyote Creek at 
Montague Expwy 

K 

Ai = 2.44 

Ap = 1.63 

13.5 

Ti = 
Tp = 

.62 

2.62 

Coyote Creek at 
Highway 237 

L 

Ai = 1.38 

Ap = .92 

13.0 

Ti = 
Tp = 

.62 

2.62 


* Ai = Impervious urban area 
Ap = Pervious urban area 


In rural areas, the preliminary evaluation of design flows from regional 
regression equations is determined using the drainage areas, mean annual precipi 
tation and basin factors. These preliminary values are compared with peak flows 
obtained from rainfall by employing the unit hydrograph theory and HEC-1 program 
Although this latter technique is used mainly to define design hydrographs, the 
resultant peak flow is compared and balanced against the regional one. As will 
be shown later, the end result of the above procedure is further compared with 
results from the site-specific analysis of recorded data if available. 

Urban areas are treated based on the District's method of urban hydrology. 
The density of land use is determined by the ratio of impervious to pervious 
parts. 
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Recorded Data and Application of Regional Equations 

Inherent in the District hydrology method are checking procedures that 
use additional data wherever available. Recorded streamflow data, 
stochastically generated data, and data obtained from rainfall are utilized. 
Following is a discussion of these procedures and their application to Coyote 
Creek. 

Streamflow Data Analysis 

The basin has four unregulated streamflow stations, namely: 

1. U.S.G.S. No. 1698, Coyote near Gilroy (15 years of record). 

2. S.C.V.W.D. No. 57, Packwood Creek (15 years of record). 

3. S.C.V.W.D. No. 10, Fisher Creek (33 years of record). 

4. S.C.V.W.D. No. 56, Las Animas at O'Connell (14 years of record). 

As will be shown later, these stations were used for evaluation of regional 
results. The data from these stations necessitated a site-specific adjustment 
for the District's new regional regression equation results. 

There are also three streamflow stations that are biased by regulation and 
urbanization. These stations are: 

1. S.C.V.W.D. No. 58, Coyote at Edenvale (59 years, 25 years after 
reservoirs were built). 

2. U.S.G.S. No. 17000, Coyote at Madrone downstream of Anderson Reservoir. 

3. S.C.V.W.D. No. 12, Coyote downstream of Coyote Reservoir and has 
intermittent reach. 

Table 1 presents the 1% flow values as obtained from the regional and the 
statistical analysis at the locations of the above mentioned stations (excluding 
Station S.C.V.W.D. No. 12). Coyote near Gilroy gage analysis matched regional 
results for peak flows with no corrections. Yet, Packwood differed by as much 
as 21%, Madrone by as much as 10%, and Edenvale by as much as 20%. Fisher Creek 
matched because of the routing operation through the flat channel (not floodplain). 
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If low 1976 data 


Without routing, Fisher Station differed by as much as 20%, 
is excluded from the analysis, Las Animas also differed by as much as 20%. 

An in-depth analysis of the reliability of the data from each of those stations 
is shown below: 

Coyote near Gilroy: U. S. G. S. #1698 

The 15 years of data from U.S.G.S. #1698 gave a 1% flow estimate of 37,459 
cfs, while a more realistic analysis of these data, after correlating it with 
10 other stations around the area with more record, gave a 1% flow of 22,418 cfs 
This station is considered good. 

Packwood: The station was intended to measure flow flows. Out of the 
15 years of peak flows, five years (1962, 1963, 1965, 1967, and 1968) were 
estimated. The peak flows estimated at these times were never checked against 
reliable rating curves. This station does not correlate with other stations in 
the area. Therefore, the data are considered unfit for complete statistical 
analysis. 

Las Animas: Although this station was intended to measure low flows, the 
data showed better consistency than Packwood. Only one year (1976) was esti¬ 
mated. The statistical 1% value (8913 cfs) shown in Table 1-1 is based on data 
thorugh 1976. The 1976 maximum flow is equal to 1 cfs. This low value did not 
quality as a low outlier per the W.R.C. criteria; yet, alternate analysis of 
data without the 1976 value showed a more realistic result of 3990 cfs, which 
was used for site-specific adjustment. 

Coyote at Madrone: The recording of data from this station started in 1903 
The peak flow during that 1903 year (15,000 cfs) was first reported after 1967. 
Therefore, the reliability of this data point is in question. The data of sub¬ 
sequent years (prior to building Coyote and Anderson in 1936 and 1950, 
respectively) were reviewed and adjusted by the U.S.G.S. after 1967. This much 
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delayed review casts a doubt about the reliability of the data. Also, the 
peak flows ranged from 8 cfs in 1924 to 2S ? 000 cfs in 1911. An analysis of 
such a wide range of data per the W.R.C. proved that the 8 cfs is a low outlier; 
hence, the 1% flow was found to be 30,000 cfs. Yet, if this value (8 cfs) were 
actually 10 cfs, not a low outlier, the 1% value jumps to 55,391 cfs. This 
indicates the excessive sensitivity of the statistical procedure to low values, 
underscoring the need to carefully evaluate these data. A combination of 
those assumptions and doubtful inferences reduced the need to use this station 
for weighing peak flows. 

Fisher Creek (S.C. #10): Although high peak flows could be affected by 
backwater from Coyote, few recorded values reflect this condition. The data 
were considered fit for a complete statistical analysis. The 1% flood was . 
estimated at 4021 cfs while a more realistic value of 3941 cfs was obtained 
after correlation. 

Coyote at Edenvale: This station is located below a floodplain that could 
accommodate as much as 10,000 acre-feet of storage for high flows above 10,000 
cfs. The high flows therefore could be biased by extensive regulation even 
without reservoirs. 
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TABLE 1-1 


COMPARISON OP STATISTICAL AND REGIONAL RESULTS 


LOCATION 

Peak, 1% 

1% 

, 24-Hr. 

1% 

48-Hr. 

1% 

, 72-Hr. 


Regional 

Ne 

Stat. 

N 

Regional 
Weighing _ 

Factor ^e 

Stat. Regional 

- Weighing 

N Factor Ne 

Stat. 

— Weighing 
n Factor 

Regional 

Ne 

Stat. 

- WeighingREMARKS 

N Factor 

Coyote @ 

21460 

22420 

12303 

13000 



6000 

6530 


Gilroy 

19 

52 

1.00 15 

52 1.00 

- 

- 

.15 

52 1.00 


Packwood 

3505 

2042 

1350 




1789 


Bad Data 

Creek 

15 

15 

0.79 15 

~ - 

- 

- 

15 



Los Animas 

9289 

8913* 








Creek 

' 19 

14 

1.00(0.80) - 

- 

- 

- 

- 

- 

- 

Coyote @ 

36027 

30000 





10116 10000 


Madrone 

19 

28 

0.90 


- 

- 

.15 

28 0.90 

Data? 

Fisher 

3993 

3941** 1853 

1802 


1480 

802 

1326 


Creek 

19 

56 

1.00 (. 80) 19 

57 100 

- 

57 

15 

57 


Coyote @ 

36663 

20000 








Edenvale 

19 

17 

0.80 

~ 

- 

- 


- 

Bad Data 


* Considering the data until 1976. In 1976. maximum value of-1 cfsvwas recorded. This value is not a low 

outline -per the W.R.C.... Without this one data point the 1% value drops to 3,990 cfs, requiring- a site-specific 
adjustment of 80% to the regional values-. 

** The 3,941 cfs value is.the result of routing and combining regional flows of separate subareas through the 
channel. Without routing, the regional values require a site specific adjustment of 80%. 



Preliminary Conclusions 

Because of the above-mentioned data problems, it was decided that the 
three stations: Coyote near Gilroy, representing upper Coyote; Las Animas 
representing Anderson's local watershed, and Fisher, representing the lower 
areas, be used for calibration of regional results. The values obtained from 
the regional analysis match results of recorded data from the first station 
with no site-specific correction, while a site-specific adjustment is needed 
on the lower parts of the watershed. 

Calculation of Adjustment Factors 

The following are the mathematics that resulted in the Las Animas adjust¬ 
ment factor. These factors should be used in areas in the east side of Santa 
Clara Valley. 

1% Flood 


from recorded data, SCVWD #56, Las Animas at O'Connell Ranch, 
1963-1975: 


m = 2.48000 


Q l% = 3990 


from 1976 Regional Equations: 
m = 2.8269 


Ne 


m 


8.35 years 


Q l% = 9293 


Ne = d" 


d = .607 
^10% = 1569 

6 = .607 
Ne = 43.6 


^ 10 % 


3593 


. 607" 
. 128" 


= 22.5 


Ne = 22.5 


weighted 1% = 9293 . . . X 22 5 + 3990 x 1 3 = ^ c£g 


35.5 
7351 


1% adjustment factor = g2Q3 

rr r- r\ t .. / 

weighted 10% 


0.79, say 80% 


3593 x 22.5 + 1569 x 13 _ „ or „ 
35.5 2852 


10% adjustment 


2852 

3593 


0.794, say 80% 
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Similarly, 19%, 7%, and 7% adjustments are calculated for the 24-hour, 48-hour, 
and 72-hour, respectively. Adjustments for the 10% regional flood flows are 20, 

18, 10, and 10% for the peak, 24-hour, 48-hour, and 72-hour, respectively. 
Precipitation Data 

The basin is instrumented by 13 precipitation stations, namely: 

1. S.C. No. 98, Shanti Ashram: 

2. S.C. No. 18, Coit Ranch 

3. S.C., No. 29, Gilroy 8NE (U.S.W.B.) 

4. S.C. No. 75, Peabody Ranch 

5. S.C. No. 17, Coe Park 

6. S.C. No, 102, UTC 

7. S.C. No. 65, Mt. Hamilton (U.S.W.B.) 

8. S.C. No. 67, Mt. Hamilton (U.S.W.B.) 

9. S.C. No. 34, Hasking Ranch 

10. S.C. No. 99, Penitencia Water Treatment Plant 

11. S.C. No, 86, San Jose 

12. S.C. No. 23, Curtner Ranch 

13. S.C. No. 41, Leroy Anderson 

The data from these stations were used in the determination and transposi¬ 
tion of the storm over the basin. 

Storm Duration 

It was found that, on basins that do not have significant* reservoir volumes, 
the 24-hour storm yields acceptable flood hydrographs. Because the Coyote Basin 
has two large reservoirs, two storms, the 24-hour and the 72-hour (obtained from 

^Significant means that the available storage for flood control is bigger than the 
part of the hydrograph volume preceding the peak. 
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above stations) were analyzed. The results shown in Table 1-2 proved that with 
minimum regulation (initial storages are full), the 1% flood obtained from a 
balanced 24-hour storm is more critical (i.e., higher design peak outflows). 

Yet, when more initial flood control storage becomes available, the 72-hour 
storm as balanced with regional peak, 24-hour, 48-hour, and 72-hour volumes 
becomes more critical. In the case of 16,000 acre-feet and 81,000 acre-feet of 
initial storage in Coyote and Anderson (as adopted by the Corps of Engineers), 
it was found that the 72-hour storm yields higher flows from Anderson than the 
24-hour one. Although the results of routing the 24-hour event were equal to 
the Corps' 1976 results, the 72-hour event (a more critical event) was con¬ 
sidered for further analysis. The 72-hour storm was obtained by the statistical 
analysis of data from the previously mentioned 13 precipitation stations per 
the Department of Water Resources frequency analysis studies. The transposition 
of the storm was assumed to follow the pattern of the mean annual precipitation. 
Temporal and Spacial Storm Distribution 

Time distribution of the above-discussed 72-hour design storm could occur 
in many forms. The following four distributions were analyzed and results are 
shown in Table 1-3: 

1. The Corps of Engineer's Standard Storm Distribution for Northern 
California. 

2. Corps of Engineers' Standard Storm for Southern California. 

3. 1955 Storm from Stayton Mine, Freedom and Hollister (1977 Corps of 
Engineers Draft Report - Hydraulics of Guadalupe River and Adjacent Streams, 
Plate 18). 

4. 1958 Storm over the County as distributed from seven precipitation 
stations. 
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TABLE 1-2 

COYOTE CREEK HYDROLOGY 
1% FLOOD 

CHOICE OF STORM DURATION 


24 Hrs Storm, Peak & 24 Hr Flood 72 ilrs Storm, Peak 24 t. 72 Ur Flood_ 


Coyote c~yote= 
= 16020 3 GOOD 


S .C. 

Initials 

Coyote= 

16,000 


Coyote As Before S.C. Balance 

=16000 +Los Osos Initials Peak 24, 
Andrs= Empty Coyote . ‘ 43,&72 

81000 =16000 Coyote 


Statistics _ 

Recorded Recc.'ded 
Data & Rtion- 

stit Jted 
Data 






AF 

Los Osos 
-t/30000 

And.» 

70400 


AF 


Andr= 

70400 

= 16000 

And= 

81000 


1) 

At USGS * 1698 

109 

21648 

2 1848 

21848 

21848 

21648 

21848 

21848 

21848 

21848 

37459 

2) 

Los Osos Outflow 

109 

2 1848 

2 1848 

2123 

21848 

21848 

21848 

2767 

21843 

’ 21848 


3) 

Coyote Inflow 

118.68 

21920 

2 Ly 20 

3286 

21920 

21436 

21436 

4014 

21460 

21460 

_ rt _„2/ 

4) 

Coyote Outflow 

118.66 

17449 

14973 

432 

14973 

16820 

16643 

1720 

16706 

16706 

7074- 

5) 

Anderson Inflow 

193 

29647 

23229 

17839 

23329 

2989 7 

29388 

16970 

29499 

29499 


M 

Anderson Outflow 

19 3 

2 3555 

15298 

5730 

8124 

2 392 3 

2 2103 

6846 

■ 18048 

22343 - 


7) 

U/S of Fisher 

205.27 

2 3271 

14645 

5666 

7889 

24197 

21959 

9453 

17391 

22230 

j 4021' 

8) 

Fisher U/S Coyote 

15.78 

3911 

3911 

3911 

3911 

3993 

3993 

3993 

3993 

3993 ’ r 

9) 

Coyote D/S Fisher 

221.05 

24319 

15009 

8468 

84 54 

25493 

23055 

11172 

17692 

23324 * 

3 / 

I u) 

£ S.C. Sta. #58 

229.G5 

24563 

14946 

9554 

9540 

25906 

23133 

11714 

17565 

23454 

,i 28929—' 

11) 

U''S of Upper SiLvcir 

232.62 

24703 

14950 

9633 

9619 

26066 

23237 

11995 

17560 

23457 


12) 

U. Silver u/S Coyote 

5.96 

2290 

2290 

2290 

2290 

2290 

2290 

2290 

2290 

2290 1 

1 

13) 

14) 

Coyote D/S Silver 

236.55 

24753 

14968 

10965 

10951 

26196 

23330 

13012 

17564 

23504 


At 280 

246.46 

25452 

14657 

11337 

11317 

26720 

23286 

13204 

17415 

23500 


1^) 

H.) 

17) 

18 ) 

19) 

20) 
21) 

U/S of SiIver-Thompson 
Si1vor-Thompson 

D/S Silver-Thompsor. 
Penitencia 

D/S Penitencia 
!* Trimble 

S 237 

247.S4 

25571 

14845 

11427 

11401 

26734 

23289 

13339 

17360 

23504 

Balancing 
w/48 Hr 
over & above 
the 24&72 Hrs 
coes not add 
information 



C of Eng Previous C of Eng. 
Values Design Los Osos- 
(Future Flow 
cond'ts (Green 
book) 


Represent the corpB of Engineers values, w/Los Csos Reservoir, w/30,000 Ac. Ft. Flood Control. 

These values represent regulated flows. They are used for reference only. 

Value inappropriately Includes all records from 1917 do date. Coyote was built in 1935, Anderson 1950. Analysis of regulated data 

adiu 3 t m ^ t V ?s U *J° U L.- 4 °alyzing Sh? ¥^&^S^.?'ES7 , X3iSSs 1 S3M&?* 46. 2 &KSSfiU«t factors were 20. 19,. 7, * 7K for 
thl pSakf 24 d3 48^ i hlho'ur vokr.es'. resplctively. These factors were applied to Area C3 only. This is the recommended final value. 




TABLE 


: COVOTE CREEK 

1% DESIGN FLOOD DETERMINATION 
CHOICE OF TIME DISTRIBUTION 




CORPS 

1977 


DRAIN- 

Coyote=16,0 
° r ^3Serson-81,0 

LOCA- 

AGE AREA 

* 

1 

STORM 

TI0N 

SQ. MI. 

Exist. W/Los Osos 

Coyote - 
Inflow 

119 

i 20,000 

- 

Coyote - 
Outflow 

119 

- 

- 

Anderson-Inf. 

. 193 

21,000 

- 

Anderson-Outf 193 

14,600 

2,700 

D/S Fisher 

221 

15,000 

3,500 

D/S U.Silver 

239 

,14,800 

3,800 

D/S L.Silver 

291 

14,200 

9,000 

D/S Upper 
Penitencia 

315 

14,200 

13,000 


DIST. #1 DIST. #2 

Coyote=16,000 Coyote=16,000 

Anderson=70,400 Anderson=76,000 

N. CAL. STAN. ST. S. CAL STAN. ST. 


Exist. 

W/Los Osos 

! Exist. 

! 

W/Los Osos 

21,460 . 

4,025 

t 

;21,790 

3,909 

16,706 

2,190 

16,330 

2,186 

26,948 

14,750 

26,523 

15,100 

16,858 

2,100 

14,640 

2,850 

16,539 

8,900 

14,240 

7,900 

16,452 

11,000 

14,100 

9,980 

19,000 

16,100 

16,600 

15,100 

20,000 

20,000 

19,000 

19,000 


DIST. #3 DIST- #4 

Coyote=I6,000 Coyote=16,000 

Anderson=76,000 jAnderson=76,000 

1977 COE STAN. ST. 11977 COE STAN. ST. 


Exist. 

W/Los Osos 

■ Exist. 

W/Los Osos 

; 21,658 

3,082 

.21,658 

3,082 

13,242 

2,130 

.13,242 

2,130 

19,968 

15,040 

;19,968 

15,040 

12,615 

3,000 

12,615 

2,985 

13,300 

7,900 

13,495 

7,940 

13,560 

9,660 

. 12,489 

7,400 

16,440 

14,820 

14,500 

12,000 

19,400 

19,400 

14,500 

14,500 


FINAL CHOICE 

DIST. #5 Coyot;e-16 f 000. 

Coyote=16,000 Andepg=81,000 


Anderson=76,000 

COE 

COE PL18 

1958 

STORM 

PL18 

District 

.Exist. 

W/Los Osos 

Exist. 

W/L.Osos 

23,495 

I 


22,000 

3,082 

19,160 


13,240 

2,130 

28,880 


20,000 

15,040 

19,850 


15,000 

2,985 

20,500 


15,000 

7,940 

20,000 


14,500 

7,400 

•20,700 


14,500 

12,000 

20,600 


14,500 

- 14,500 


ON 


© Arbitrary choice ® Los Animas 

of Storm Distribution correct on Area 


© Arbitrary Centering 
of Storm, transposing 
storm according to 
areas. 

© Excessive storage 
in Edenvale area. 


C^ only. 

® Muskingum 
channel routing 
with x = 0 is 
consistently used 
on all branches. 


© As before w/L,A. 
adj, on low lands. 


• As before w/C,E T 
Stand. Storm PI 18 

© Silver Diversion 
to contribute 
950 only. 


© As before. 

• Puls channel 
routing was used 
on Creek D/S 
Anderson. S-D 
curve obtained 
from COE PI 17. 

• Muskingum 
routing on 
tributaries. 


© As before 
with 1958 Storm 
Distribution 
from 7 local 
stations. 


© Based © Based 
on on 

Corps ? District 
Study. #4 

Study. 




From Table 1-2 it is obvious that the 72-hour storm becomes more critical 
than shorter storms as more volume becomes available, therefore, the 72-hour 
storm was chosen as a design storm. 

The space distribution was made comparable with the variation inherent 
in the mean annual precipitation isolines and the thirteen stations. 

Five temporal distributions were considered. Table 1-3 shows the 
comparative results of these distributions, together with the choice of 
the final alternative and the final design flows. The footnotes in that table 
discuss the underlying assumptions taken in each alternative. It is noticed 
that the storm distribution could have a major effect on the flows downstream 
of Anderson. Yet, the single most important factor is the initial available 
storage for flood control. The following section discusses the initial 
storage determinations. 

Determination of Initial Storage Volumes 

The best way to determine the initial storage for a certain reservoir is 
to have optimum criteria and rule curves for the operation of that reservoir 
or reservoirs. 

Although the basic intention of building Coyote and Anderson Reservoirs 
was water conservation, flood control benefit accrued incidentally. Over the 
years, this incidental availability of storage for flood control became obvious. 
In the absence of a qualified and quantified operational study, it was decided 
that the historical reservoir operation should be evaluated and trends should 
be pointed out. The clarification of these trends is important because of 
state and federal restrictions that were placed on the operations of the 
reservoirs. An example was the 1962 letter from the Bureau of Reclamation to 
District Chief Engineer recommending that the minimum summer pool volume at 
Anderson Reservoir be at least 20,000 acre-feet. Also recognized was the 
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need for recreation, which resulted in the reservoirs remaining fuller more 
often after 1968. Graphs It- 1 and 1-2 show the analyses of the storage-frequency- 
duration of both Coyote and Anderson Reservoirs. It is clear from these curves 
that there is a continual trend toward keeping the reservoirs nearer to 
capacity. By routing various floods through reservoirs at various initial 
storages, a compounded probability curve was constructed and the incidental 
initial storages for various frequencies were determined. During this search, 
it was found that for Anderson results obtained from the curve based on 1968-77 
data are equal to the results obtained from the 1962-77 data with a minimum 
pool of 20,000 acre-feet. 

The curve which includes the combined storage of Coyote and Anderson is not 
shown. It yielded comparable results. 

Table 1-4is :a summary of : initial storages found by the various assumptions. 

The recommended storages found to be used with design flows could be based on 
the 1963-77 data but, because of the huge initial storage available at Anderson 
and because of the trend toward keeping reservoirs fuller, the Corps of 
Engineers' storage (81,000 acre-feet) was chosen. 

Los Osos 

A future reservoir of 30,000 acre-feet storage, 3,000 cfs outlet works 
capacity and a 150 spillway length was assumed existing on Coyote Creek down¬ 
stream of Canada De Los Osos. 

This reservoir is assumed to be operated for flood control alone; i.e., 
totally empty all the wet season. The effect of this structure on the 1% 
flood is shown in Table 1-3, Although the flood reduction is noticeable upstream 
of Silver-Thompson confluence, the reduction becomes insignificant downstream 
of that point. 

An important hydrologic aspect of the new reservoir is that it delays the 
last, critical hump of the generated hydrograph to such an extent that the hump 

no longer remains critical. Successive humps become more critical. 
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TABLE 1-4 

ANDERSON AND COYOTE RESERVOIRS INITIAL STORAGE (AF) 

1% and (10%) 


Daily Data 

24-Hour Storm 

72-Hour Storm 

Coyote 

Anderson 



Coyote 

Anderson 

1963-1977* 

16,000 (17,300) 

68,000 (69,000) 



16,000 (16,500) 

70,400 (72,400) 

1963-1977* 
Combined Anderson 
and Coyote, Coyote 
at 1% - 16,000, 

10% = 16,500 





16,000 (16,500) 

70,700 (76,000) 

1968-1977 

16,600 (18,000) 

71,200 (73,400) 



16,000 (16,500) 

69,600 (72,000) 

1963-1977* 





16,000 (16,500) 

70,400 (72,400) 

Corps of Engineers** 





16,000 

81,000 


* Values obtained assuming minimum summer fish pool of 20,000 AF in Anderson Reservoir. 

: Analysis of daily data between 1963-1977 without a minimum 20,000 AF pool led to unreliable 
results because of the inability to peak storage volumes from routed flows in Anderson 
Reservoir when it was at low levels. 

** It has been noticed that the Corps' initial storage valves are higher than the coincidental. 
Because of the previously mentioned trend of fuller reservoirs, those values are chosen 
for design purposes. 





















Analysis of Results 


Tables 1-2 and 1-3 summarize the. work. :Table 1-2 shows the Corps of Engineers' 
values together with steps needed to choose the 72-hour storm as the critical 
duration. Based on that duration. Table 1-3 shows the various runs used to 
determine the storm distribution and other assumptions. Although the District's 
values at locations upstream of Coyote Reservoir are equal to the Corps', the 
values downstream of the reservoirs are either higher than the Corps' 

(District #5) or slightly lower. Because of this, and after the August 5, 1977 
meeting at Nolte's offices, the values adopted as design flows for the Coyote 
Creek system are the ones that yield similar flows with the Corps'. These 
values are shown in Table 1-3 (District #6). 

For the determination of Los Osos' effect on the Coyote System, the Corps' 
values appear to be unrealistically low. Therefore, the District's values, as 
described in Alternative District #4 (Table 1-3), should be used. 

Summary 

The following are the various conclusions that could be obtained from 
Tables 1-2 and 1-3. 

1. It was found from Table 1-2 that the flood which is based on a 24-hour 

\ 

storm yielded a slightly higher peak inflow to Coyote than the 72-hour storm. 

The outflow, though, is insignificantly different if the reservoirs are full. 

2. If the reservoirs are at an initial storage as computed by the Corps 
of Engineers, then the flood which is based on the 72-hour storm yields larger 
peak outflow than the 24-hour storm (Table 1-2). 

3. It was found that the Corps of Engineers' values are identical to our 
values for the 24-hour storm if the initial storages are 16,000 and 81,000 
acre-feet for Coyote and Anderson (Table 1-2). 
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4. It was found that the introduction of Los Osos Reservoir (.30,000 
acre-feet capacity; 3,000 cfs maximum outlet flow and 150 feet of spillway) 
does not reduce the flows in the lower reaches by as much as the Corps of 
Engineers indicate in their report (outflow from Anderson is about 2,700 cfs). 

5. The regional values check closely with recorded data at the U.S.G.S. 
Station No. 1698 (upstream of Coyote Reservoir) for the 24-hour peaks- and 

72-hour volumes. 

6. The initial storage at Anderson is the most critical input in the 
determination of the downstream design flood flows. In the absence of an 
optimum operational criterion our initial storage is based on the availability 
of initial storage at Anderson (approximately 91,000 acre-feet) and a continued 
trend toward water conservation, the Corps' initial storage of 81,000 acre-feet 
was chosen. Under these less-than-full conditions, the hydrograph downstream 
of Anderson acquires two peaks. The first is the one from the upper watershed 
and the second from the lower areas. The second peak could become more 
critical as the flood wave travels downstream, especially when enough storage 
becomes available in the upper reaches. 

7. The 72-hour storm when balanced with peaks, 24, 48, and 72-hour volumes 
yields the same values as when balanced with only the peak 24 and 72-hour volumes. 
This is conducive to solving the problems associated with a proper storm dis¬ 
tribution. 

8. The design flows are obtained from the condition that includes the 
most information and has a duration that yields the most critical design flows. 

9. This condition is based on the 72-hour storm and the Corps of Engineers' 
storage at Anderson. 
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10. The summary of the recommended 1% and 10% design flows for Coyote 
Creek without Los Osos Reservoir is given in Table 1-5 and 1-6. Table 1-7 
lists the recommended 1% design flows from Coyote Creek with Los Osos Reservoir 
and the District's storage at Anderson. 

The values in those tables should be rounded up to significant figures. 
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GENERAL INFORMATION 


Lower Silver Creek and Thompson Creek are located in the eastern portion 
of the Santa Clara Valley, partially in the City of San Jose and partially in 
the unincorporated area of Santa Clara County. Thompson Creek originates in 
the Diablo Range foothills at an elevation of about 2300 feet and flows 
northerly through the Evergreen area to its confluence with Lower Silver Creek 
near the Eastridge Shopping Center. Lower Silver Creek originates near Silver 
Creek Road at an elevation of about 180 feet and flows northerly through the 
Lake Cunningham sarea to its confluence with Coyote Creek at an elevation of 
64 feet, 1800 feet downstream of U. S. Highway 101. The Lower Silver Creek 
watershed, shown in Figure 2-1, covers a drainage area of about 44 square miles, 
including the 17.5 square mile watershed of its major tributary, Thompson Creek. 
Other tributaries to Lower Silver Creek are from north to south: Miguelita 
Creek, North Babb Creek, South Babb Creek, Flint Creek, Ruby Creek and Norwood 


Creek. The locations of these tributaries are listed below: 


Tributary Creek 


Point of Confluence with Lower Silver Creek 


Miguelita Creek 
North Babb Creek 
South Babb Creek 
Flint Creek 
Ruby Creek 
Norwood Creek 
Thompson Creek - 


4050 feet upstream of Coyote Creek 
1200 feet upstream of Story Road 
2000 feet upstream of Story Road 
500 feet upstream of Cunningham Avenue 
1100 feet upstream of Cunningham Avenue 
5400 feet upstream of Cunningham Avenue 
5500 feet upstream of Cunningham Avenue 


The upper region of the watershed is located in steep foothills, while the 


flatter lower region, about one-third of the watershed, is primarily urbanized. 


The mean annual precipitation for the watershed varies from 14 inches to 18 
inches. Although there are no reservoirs on Lower Silver and Thompson Creeks, 


some flood retention will be provided by the proposed Lake Cunningham recreation 
facility at the intersection of Cunningham Avenue and White Road. 
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DISCUSSION OF PROCEDURES 

Basin CharacteritsticS and Preliminary 1% Regional Flows 

The Lower Silver Creek watershed was divided into two major watersheds. 

Lower Silver Creek rural and Lower Silver Creek urban. The rural subareas 
1 11 

include A , A , and rural sections of Subareas A, B, E, G, I, J, M, 0, Q, and 
U. Urban subareas include C, D, F, H, K, L, N, P, R, S, T, and V (Figure 2-1). 
Table 2-1 shows a partial list of typical rural and urban subareas with their 

respective basin characteristics and the preliminary 1% flows as calculated 
directly by the regional equations. 

As will be shown later, these preliminary 1% values are compared with 1% 
flows obtained from rainfall by employing the Unit hydrograph theory and HECt- 1 
program. Although this latter technique is used mainly to define design ■ 
hydrographs, the resultant peak flows are compared and balanced against the 
regional ones. The end results of the above procedure are further compared 
with results from the site specific analyses of recorded data if available. 

Urban areas are treated based on the District's method of urban hydrology. 
The density of land use is determined by the ratio of impervious to pervious 
parts. 

Supplementary Analysis 

Inherent in the District's hydrology methods are checking procedures 
that use additional data wherever available. Systematic records, historic data, 
and stochastic data are utilized. 

Because no reliable historic or systematic stream gage data is available 
for Lower Silver and Thompson Creeks, it was not possible to check the regional 
regression results with gage analyses. No stochastic data could be generated 
for the creeks because of this absence of gage data. 
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Table 2-1 


BASIN CHARACTERISTICS 


Location 

Sub- 

area 

^Drainage Area 
(sq. mi.) 

Mean Annual 
Precipitation 
(in.) 

Lis 

2. 

(mi. /ft/ft 

1/2 TC 
)(hours) 

Q 1% 

(cfs) 

Thompson Crk d/ 
San Felipe Ck 

v 

1.53 

16.9 

6.5 

.45 

579 

Thompson Creek 
U/S Cribari Ck 

a 11 

2.84 

16.4 

30.7 

.67 

1047 

Cribari Creek 
U/S Thompson 
Creek 

A 

.74 

17.0 

4.2 

.26 

328 

Yerba Buena Ck 
U/S Thompson Ck 

B 

1.59 

16.9 

-6.9 

.33 

599 

Thompson Crk 

U/S Yerba 

Buena Creek 

C 

Ai= .26 

Ap= .17 

15.3 


Ti=.74 
Tp=.95 


Thompson Crk . 
U/S Evergreen t 
Creek 

D 

Ai= .28 

Ap= .18 

15.5 

- 

Ti=.69 
Tp=.90 

- 

Evergreen Creek 
U/S Thompson Ck 

E 

1.61 

16.9 

12 

.52 

642 

Thompson Creek 
U/S Quimby Crk 

H 

Ai= .27 

Ap= .18 

14.8 

- 

Ti=.7 3 
Tp=. 94 


Norwood Creek 

U/S Thompson 
Creek 

J 

1.17 

16.9 

6.1 

.29 

479 

Flint Creek 

U/S Silver 

Creek 

0 

1.69 

16.8 

15 

.49 

680 

North Babb 

Creek U/S 

Silver Creek 

R 

Ai=l.54 
Ap-1.03 

15.3 


Ti=l.16 
Tp=l.3 6 


Silver Creek 
at Alum Rock 

Avenue 

T 

Ai= .58 

Ap= .53 

14.5 


Ti= .68 
Tp= .88 



*Ai = impervious urban area 
Ap = pervious urban area 
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Las Animas Adjustment Factor 

There were, however, extensive gage analyses performed in the adjacent 
watershed of Coyote Creek, leading to the formulation of the Las Animas adjust¬ 
ment (refer to preceding Coyote Creek Hydrology section), 

Because the upper watershed of Lower Silver Creek falls in a meteorologi¬ 
cally and geomorphically similar region to Coyote Creek, the Las Animas adjust¬ 
ment was applied to the 1976 regional regression equations for the rural subareas 
of the Lower Silver Creek Watershed, The following Table 2-2 lists Las Animas 
adjustments for regional regression constants. 

TABLE 2-2 

Las Animas Adjustment for 
Regional Regression Constants 




Peak 

24-Hour 

Volume 

2-Day 

Volume 

3-day 

Volume 

1% 

Flow 

.80 

.81 

.93 

.93 

10% 

Flow 

.80 

.82 

.90 

.90 




Storm Duration and 

Distribution 



Based on the previously cited Coyote Creek Hydrology "section, the storm 
duration and distribution chosen for the Lower Silver Creek Watershed was the 
72 hours Corps of Engineer's Plate 18 derived from the 1958 storm at Hollister, 
Freedom and Slayton Mine, and presented in Reference 6. This storm as balanced 
with regional peak, 24-hour, 48-hour, and 72-hour volumes proved to be more 
critical than the 24-hour storm on Coyote Creek hence Silver Creek. 

Five conditions for Lower Silver Creek were analyzed using the 1972 
Regional Regression Equations and the 1972 Preliminary Urban Hydrology 
Methodology. Four of these conditions assumed local urban flooding, and one 
condition assumed overbanking, i.e., no local urban flooding because streets 
were assumed to act as flood control facilities and their flows entered creeks 
by flowing over creek banks. The following is a list of the five conditions 
studied: 
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1. As existing urban condition without Lake Cunningham 

2. As existing urban condition with Lake Cunningham 

3. Complete urbanization of the Urban Service Areas as adopted by San 
Jose City Council in November 1974 without Lake Cunningham. 

4. As above with Lake Cunningham. 

5. As above with Lake Cunningham and no local flooding (i.e. overbanking 
of flood flows). 

The documentation of results of the above study is contained in a draft 
report, "Silver Creek Hydrology, March 1975". Out of these alternatives. 
Number 4 was used in the already presented 1976 work. 
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LAKE CUNNINGHAM ANALYSIS 

The hydraulic design of the proposed Lake Cunningham Project on Lower 
Silver Creek was checked by routing the 1% Design Flood Hydrograph inflowing 
through the project area. The major goal of the investigation was the 
determination of the peak flow downstream of Cunningham Avenue. 

In order to route the inflowing hydrographs of Ruby/Flint Creek and Silver 
Creek through the channel controls, the weirs, and the lake, storage-discharge 
curves had to be developed for the proposed lake and stream designs. The 
storage-discharge curves for the Silver Creek at the control structure and for 
the Lake Cunningham outlet works were developed by first calculating a storage- 
elevation and an elevation discharge curve for each structure. 

For Silver Creek at the control structure, the storage-elevation curves 
were calculated first by hand, then by using HEC-2. The calculations were 
performed by dividing the Silver Creek channel reaches, the prismatic volumes 
of each was related to the respective water surface elevations at the weir. 

The storage-elevation calculations are shown on Sheets 1, 2 and 3 of Reference 
9. 

The development of an elevation-discharge curve for Silver Creek was also 
performed using HEC-2. Beginning with the water surface elevations downstream 
of Cunningham Avenue (as computed by Bruce McClish of the Santa Clara Valley 
Water District), the water surface elevations upstream of the bridge, for 
various flow rates, were determined (Figure 2-2). The nonlinear elevation- 
discharge curves are different from Nolte’s 1977 design analysis (who assumed 
a linear relationship). 
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The calculation of an elevation-discharge curve for the control structure 
was begun with these elevation-discharge-relationships for Cunningham Avenue 
bridge. The results of two different computer runs are shown on Figure 2=3, 
along with Nolte's results. Curve A was calculated based on Nolte's downstream 
elevations, which did not accurately reflect the results of the backwater 
analysis performed on Lower Silver Creek below Cunningham Avenue. Curve B used 
a W. S. elevation of 123.3 feet upstream of the bridge. Curve B was thought to 
most closely approximate the actual operation of the control structure and the 
bridge and was the curve used for later calculations. 

Sheet 8 (Reference 9) shows the elevation-discharge curve for the Silver 
Creek weir as calculated based on a broad-crested, free-flowing weir. The 
combination of the weir and the control structure elevation-discharge curves is 
shown on Sheet 9. After relating elevation to storage using the storage-eleva¬ 
tion curve, the final storage-discharge relationship for Silver Creek was 
computed. The result is shown on Figure 2-4. This curve was used with the HEC-1 
program to route the inflowing design flow hydrograph through the channel 
storage. 

A similar process was followed on Ruby/Flint Creek, except that it was felt 
that channel storage was small enough to allow the inflow hydrograph to be 
routed through the weir and control structure by hand; therefore, no storage- 
elevation calculations were necessary. The elevation-discharge curve for the 
Ruby/Flint Creek structures is shown on Sheets 13, 14 and 15 ( Reference 9). 

The elevation-discharge curve for Ruby/Flint Creek and the storage- 
discharge curve for Silver Creek were then used to divide the inflowing design 
flow hydrographs into a weir discharge hydrograph portion and a control 
structure hydrograph portion. This flow routing was performed by hand and is 
shown on Sheets 16, 17 and 18 (Reference 9). 
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Lake Cunningham outlet structure was computed using the storage-elevation 
curve supplied by Nolte (Sheets 19 and 20j and using the elevation-discharge 
relationship from Nolte (Sheet 21). This curve was modified to reflect the 
fact that, above a water surface elevation of 125 feet, overbank flow will 
occur from the lake into Silver Creek just upstream of Cunningham Avenue. The 
modification of the curve was sized in such a way as to produce a total flow 
through Cunningham Avenue bridge which corresponds with the water surface eleva¬ 
tion produced by this overbank flow. Thus, the lake's storage-discharge curve 
is directly related to the combined hydrograph from the Ruby/Flint and the 
Silver Creek control structures. When the lake floods its bank here, the flow 
through Cunningham Avenue bridge will be 3,700-3,800 cfs (based on the curve 
on (Figure 2-1). The flow that does not come from the control structures will come 
from the lake storage, both over the bank and through the outlet. 

The storage-discharge relationship (Figure 2-5) developed from this analysis 
was used in HEC-1 with the combined Silver Creek and Ruby/Flint Creek weir flow 
hydrographs and the rainfall over the lake areas as inflows. 

The total outflow hydrograph from the Lake Cunningham'design was computed 
by combining the outflow hydrograph from the lake with the hydrographs routed 
through the Silver Creek and Ruby/Flint Creek control structures. The hydro¬ 
graph routings are shown on the attached computer printouts and are summarized 
on Table 2-3. 

Summary of Results 

1. Inflow to lake will occur when Silver Creek flow exceeds 1,800 cfs or 
Ruby and Flint Creeks combined flow exceeds 460 cfs. 

2. Peak infloivs to lake are 1,800 cfs (Silver Creek) and 240 cfs (Ruby/ 
Flint Creeks). Combined peak inflow = 2,000 cfs. 
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3. 


Total inflow to lake e 678 acre-feet (.Silver) and 42 acre-feet (Ruby/ 
Flint). Peak lake storage - 450 acre-feet. 

4. Maximum lake water surface elevation - 125.S feet. 

5. Peak flow downstream Cunningham Avenue = 3,800 cfs. The peak is 
delayed approximately one hour by the routing. 

6. Lake drainage time is approximately 36 hours, 

7. The size of the peak flow downstream (3,800 cfs based on this analysis) 
is very dependent upon the elevation-discharge curve for Cunningham Avenue 
bridge. Further study in refining this curve could be valuable. 

Lake Cunningham is therefore assumed capable of skimming the flood flows 
about 3,800 cfs and temporarily storing the excess floodwater. 
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CONCLUSIONS 

After careful evaluation of all available data, the design flows 
recommended in this report are based both on the 1976 regional equations with 
the Las Animas adjustment and on the 1976 urban hydrology methodology with all 
urban service areas urbanized. The recommended design storm duration is 72 
hours and the recommended storm distribution is the Army Corps of Engineers 
Plate 18 distribution (Reference 6). With the Lake Cunningham recommended 1% 
peak outflow of 3,800 cfs, the 1976 recommended 1% and 10% design flows for 
Lower Silver and Thompson Creeks are listed in Tables 2-4 and 2-5. The values 
in these tables should be rounded up to significant figures. 
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LOWER SILVER CREEK 
Recommended One Percent 
Design Flows Complete Urbanization 
With Lake Cunningham and 
Los Animas Adjustment 
RUNOFF SUMMARYr AVERAGE FtQ* 




PEAK 

6®H0UR 

24“H0US 

?2®H0UR 

AREA 

HYOROGRAPH AT 

18 

3800, 

3201, 

2369 e 

i92i 5 

26*23 

ROUTED TO 

20 

!8QQ t 

3201, 

2369 e 

1921, 

26*23 

HYDROGRAPH AT 

IQ 

99, 

74, 

38, 

28, 

S7, 

0,35 

HYOROGRAPH AT 

20 

2031 

147, 

79. 

0*55 

2 COMBINED 

20 

3 0 0 9 

2i8ft 

H 6 * 

85, 

0,88 

ROUTED TO 

20 

93, 

92, 

92, 

82, 

0,88 

2 COMBINED 

20 

3892 ft 

1294 e 

246| , 

2003, 

21«ll 

ROUTED TO 

22 

3892* 

3293, 

2480 ft 

.2003, 

27,11 

HYOROGRAPH AT 

21 

899^ 

"636 9 

295, 

214, 

3,45 

ROUTEO TO 

22 

865ft 

625 9 

294 0 

214, 

3,45 

HYOROGRAPH AT 

22 

77 a 

53, 

20, 

18, 

0,22 

HYOROGRAPH AT 

22 

1 20 0 

89, 

49, 

36, 

0 ft 33 

2 COMBINED 

22 

197, 

102, 

73, 

S3, 

0 9 55 

ROUTED TO 

22 

58, 

53ft 

58, 

51, 

0,55 

2 COMBINED 

22 

921^ 

682ft 

348 t 

265^ 

4«0 0 

2 COMBINED 

22 

9332, 

3871, 

2793, 

2268, 

3i t n 

ROUTED TO 

25 

421S, 

3870, 

2792, 

2267, 

31, U 

HYOROGRAPH AT 

23 

336, 

240, 

113, 

82, 

1,0 3 

HYDROGRAPh AT 

25 

472, 

376, 

221, 

166, 

i t 54 

2 COMBINED 

23 

802, 

267, 

606, 

336, 

208, 

2*57 

ROUTED TO 

23 

267, 

267, 

234, 

2 9 5 7 

2 COMBINED 

23 

4432, 

4137, 

3057, 

2501, 

2498, 

33 ft 68 

ROUTEO TO 

2a 

0475, 

- 0136, 

3057, 

33,68 

HYDROGRAPH AT 

2a 

199, 

137, 

60, 

46, 

* 0 9 &0 

HYOROGRAPH AT 

24 

290, 

220, 

129, 

95, 

0 fl 9 l 

2 COMBINED 

.2«-‘ 

‘ -086 
159, 

.—356; 

-192,- 

r— 

•*-- X,Si 
i Si 

ROUTED TO 

24 

159, 

159, 

■ 156 : 

2 COMBINED 


9634, 

'4290L . 

3215; 

. 263S, - 

35j|9 

““'15,19 

ROUTED ~ T 0^ .“ ‘ 

■-23“ 

" -.0620r - 

-0289,-- 

—‘3212, 

-4623',"-- 

HYDROGRAPH AT 

2$ 

126, 

87, 

40, 

29, 

0 | 38 

HYDROGRAPH AT 

25 

. — *&&&■ — 

185, 

— —-—iajv»vrL_ 

143, 

- K C-- 

82, 

61, 

0 9 SS 

- • A A - 


OUTFLOW FROM LAKE CUnR/F&HAF\ 


SILVER U/S SOUTH BA&& OR. 


south babs, v/s silver cR. 
S/LvER d/s South eABB s/ 2 . 


HoRTH BAB& vjs 
SILVER. D/S rfORT/J 


SILVER cR. 
8A8£> cr. 


SILVER @ SfyCKsorJ AVE. 


2 COMBINED 
ROUTEO TO ' — 
HYDROGRAPH AT 
ROUTED TO 
HYOROGRAPH AT 

hydrograph at 
2 COMBINED 
■ ROUTED-TO 
2 COMBINED 
2 COMBINED 
--ROUTED' TO" 

. HYDROGRAPrt at 
hydrograph at 

:2-COMBINED-- 
ROUTED TO 
2 COMBINED 


. r 4 ? 22 r - bi ;< i 3 ? 6 , ■'-/MUHt : s/lvea @ alum rock hue 

~ -0 712 r~ “ 6 3 6 9 V' -$29?,- -'—26e9,--36.15.—.-.-. 

301 , : 160 , 6 b , 63 . ' 0 , 9 ? 

229 , 171 , 65 , 63 , 


-835-, 


0,97 

list 


, — -J -»v, ... .7 TSO » —~T 7109 i: 

!i - 5 TO i~“~~ ~ d ~r~i 1 0 : •— fin r~-—Si 2 *—!52 -- 


4,49 /WIGUELira u/s SILVER Cl?. 
40,64 SILVER. O/s RV&VELiTA <lA- 
r^40^4T-- 



r At J> ” : -Jf ... V** > t 4 . r 

:?Vf- • • —W. .. -.V't ■ 

-2602 J 6 6 - ---- 1 " “.. 

SSlj 





Table 2-5 



LOWER SILVER CREEK 
Recommended Ten Percent 
Design Flows Complete Urbanization 
With Lake Cunningham and 
Los Animas Adjustment 



TO 

I 

i'O 



^Wku^oW-WkkA * r ,?&§* a ge 

: fteteV- 

’-..4 




- 


PEAK 

6-HQUf? 26-HOUft 

72^ 

'HOUR 


AREA 

HYDROGRAPH AT 

1 

' 213 ® 

154, 

' 63. 


46, 


1,53 

Routed to 


£pr$TFSS 




7*66, -S^ 


^51 § s ■ • 

■•^ydsograph ~£t\ i’i c. j , 

,;'S.:2»r3S§ 

:4 

.y,VV$ ^ 


$i| l'g~" 

tfjpf ' 


'ROUTED rlOA.'yfvfXr- 


tr.'ssa, >-.■ 

>P-nn; 


7^ / 

®V» *•«? 


2,86 

2 COMBINED 

1 

583 9 

414, 

17S, 


127, 


6,37 

HYDROGRAPH at 

2 •. 

126, 

i4 f 

3a 3 


24, - 


0 e 74 

ROUTED TO 

s 

122, 

_i.h_ 

14, 


26, _ 


0,76 

HYDRO SRAPyTTF 

.sir 

r -.■*«* 

•66, r .“ 

T— |f» 


If* 7*,> 


0^32 

.HYDR05RAPH AT .' 

"‘2 COMBINED 


;i0«, 

173, 

7 VUY 

. J -• 

• 43, 

'77-6 i. 


3li 

_JJ4, 


0^47 

0^79 

ROUTED f0~~ 

i 

86. 

S3, 

M f 


44, 


0,79 

2 COMBINED 

1 

2 oa, 

' 16t e 

’6, 




1.53 

2 COMBINED 

3 

764 9 

575. • 

27 0 9 




5,90 

"ROUTED TO . ,:•■• ■, 


'7“7S3, 

''-'.589, 

•269, 


1^8, 


B ,90 

‘HYDROGRAPH AT 

;>" 

3a, 

t 14 f 

-4 9, 


7, 


0,17 

HYDROGRAPH-AT - .V. 

<’S - , 

Mt 

Ofci ■ 

24, 


^ JT, 

- 

0 1 2 

2 COMBINED 

5 

1 0 2 9 

70. 

Fi, 


2 4 , 


0 9 43 

ROUTED TO 

5 

66, 

66, 

33, 


24, 


0,43 

2 COMBINED 

S 

798, 

8 i 4 g 

302, 


219 ? 


6 I 33 

"RtbROMrpVT AT'"" 

~'IT~ 

~ 220, "" 

1S6, 

65, 


67, 


1,99 

ROUTED TO 

S 

214, 

153, 

65, 


67, 


1,59 

HYDROGRAPH AT 

5 

8 6 # 

57, 

,22 g 


16, 


0,40 

~HYDROGRAPH AT “ 

”5" 

135," 

101 , 

. 56, 


. 39 0 


0,59 

2 COMBINED 

5 

220, 

157, 

76, 


55, 


0,99 

ROUTED TO 

5 

105, 

l 0 4 a 

76, 


55, 


0,99 

2 COMBINED' 

5 

319, 

253 a 

160, 


102 t 


2,58 

2 COMBINED 

5 

1115, 

886 g 

442 , 


322, 


8,91 

ROUTED TO 

7 

Hil, 

885 g 

4 4 2, 


322 , 


8,91 

HYDROGRAPH a'T 

7 

60, 

26. 

10, 


7, 


0,18 

HYDROGRAPH AT 

7 

68, 

■ 49, 

26, 


19, 


0,28 

2 C 0 H M X N E D 

7 

108, 

75, 

36, 


26* 


0,46 

ROUTED TO 

7 

6 9, 

69, 

36, 


26 ? 


0,46 

2 COMBINED 

7 

1160, 

912, 

4 78, 


348 8 


9,37 

HYDROGRAPH AT 

0 

230, 

166, 

68 , 


49, 


1,61 

routed to 

7 

229, 

‘ .165. 

68 , 


4 9 a 


1,61 

hyOROGRAPh AT 

7 

33. 

22. 

8, 


6. 


0,15 

HYDROGRAPH AT 

7 

55. 

39, 

20, 


1 5 9 


0,22 

2 COMBINED 

7 

89. 

61, 

29. 


21. 


0,37 

ROUTED TO 

7 

39, 

39, 

29, 


21* 


0,37 

2 COMBINED 

7 

268, 

202, 

97, 


70, 


1,98 

a COMBINED 

7 

1626, 

1111, 

574 , 


416, 


11,35 

ROUTED TO 

9 

1611, 

1108, 

574, 


418, 


11,35 

HYDROGRAPH AT 

9 

«7. 

31. 

12, 


9. 


0,22 

HYDROGRAPH AT 

9 

73, 

55. 

29, 


21, 


0,33 

2 COMBINED 

9 

120, 

85, 

61, 


30, 


0,55 

ROUTED TO 

9 

58, 

58, 

«1, 


30, 


0,55 

2 COMBINED 

9 

1475, 

116 a, 

615, 


440 , 


11,90 

HYDROGRAPH AT 

8 

286, 

205, 

89, 


64, 


2,26 

ROUTED TO 

9 

280, 

206, 

88, 


64, 


2,26 

HYOROGRAPH”A? 

9 

66 , 

30, 

12. 


e« 


0,21 

HYDROGRAPH AT 

9 

76, 

56, 

28. 




0,31 

2 COMBINED . 

9 

125, ' 

86, 

_ ao. 


29 9 


0,52 

'RDUrnTTO 

q-—“ 

39T, - 

397" " 

"38, 


29,‘ 


0,52 

z coMstmFc? 

7 

31 m. 

2u?. 

127, 




2.78 




'THc/riPSC'S U/S c d / / Cd. 


.j'"’ .*- 


c&t&4£i Ujk -rHosiPSo/j c&. 
Y/jO/nfSOi*}- 0/ S c /Z, 


T/OrtP$OfiJ_ Ujs Y£A 8 A„ BO&jA. cfZ ~ . - 


SOS/JAlife 

7»0/yiPStrJ o/s y£R BA £<J£aJA 


-THC/Tipsod £\)£{ZG/1 ££a> CP. 


£>/£(lGr£££A) v/$ TPOrtPso*) c /2 . 
THOMPSON 6/s £Vc/Z&/?££*/ c/2, 


•ftfOWPSOA) U/S £6vJL£fl CJZ. 


proK\)L£$L u/s t/ZCP'PSgaJ^ C/l . 
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H U U I L D i 

•^.:''ROUTED TO Kin f. V: 
-‘-■••-.-"*•'2 C0H8INE&. 

1 TsTTTi? 

- ROUTED to r- :vr 

;v-- HYOSOOR&PH- AT' -." 

-TYDH'OSS *PrT *T 

2 00 * 18 JNED 
ROUTED TO 

., •-—-- :2 aeo 

' ...-' 2 -COMBINED ■ 

■ ROUTED TO 
HYDTOSraph AT . 

HYOROGRAPH AT • 

2 COMBINED 

~ (TOUTED TO _ ’ “T 
2 COMBINED ' 

_' HYDROSRAPH AT_ 

R CuTfS" To' 


a 

.^u,« 

mm 

mM 

b-M.r? 

•-. 41 ,• 


«.,*Vv? 8 » 

^Y-MI 


s-r >?■¥«*. 
^«6,‘ 
4B29-, 

^ie-F 

*i- -n, 

“iir;' 

195, 

91 , 

.■zm,k 

'■-'3071 

-ITT 

85, 
1*1 • 
ssriy 
-;21«, 
$*tU. 


.. : 35, - 

V- .■•'i48ol -= 


/'I*, 

• - * * °1- 

- -r'773,?; 


-9157— ST, 

ns, 66, 

91 , 66 ^ 


—Tfr 

138 , 

91. 

mj r 

VU61 ? 

. insTt, 

—irr 

65, 

102 , 

"tzt 

■ 1726 , 
137 , 

“1257 


V ;~-, , f * '- 

17 

- 35, . - , 

SO, 

iTpl 

■V-94Ss<T;.-' 

*50 

— “W 


5*7. 

, r . s 7 r > 

stfe 

.''■ 565 , 

“ 37 ,: 

48 , 

as, 

T7I67 

T*f*l 

’■-M3* 


/4.6£ 

0,18 


f'hb.r-fso/-, <7/j K-oc,j(or £r. 


n 8 T 3 -•': T&rtipfO'/’ »ji 


V*^ ^ v. • 


*0,52 

0,88 


“i 

26 , 

37 , 

:7T;SI7 

v;*e«i 


x §7l&~ - ^ 

o ;*i 

* 0 g 69 

*V*' ij^W -2 ‘fHomPsa^r it/s. a C' " 


HYOROGRAPH AT 

15 

04® 

56, 

22, 

16, 

0 g 4 0 

\ 

HYOROGRAPH at 

13 

142. 

105, 

55. 

40, 

0 9 61 


2 COMBINED 

13“ 

■ 

'■•-i"6T t 

77, 

56, 

! 

«5» 

«o> 

®-*J 


ROUTED TQ 

U 

• - ^ 107, 

l 0 7 g 

77., 

.- 56, 

1,01 


2 COMBINED 

% 3 

- . , 277 9 

222 g 

127j_ 


2118 

fi/ORldcao vf$ ASG^J C.&.+ 

hyorograph'*at 

"TJT 

147, 

l6T t 

’ . «. 

24, 

6,75“ 


HYOROGRAPH AT 

13 

239 9 

181 f 

97, 

75, 

1*13 

) 

2 COMBINED 

15 

38 3® 

260 , 

5 37 , 

too, 



ROUTED TO 

"IS 

—I9er 

1^7“ 

T3T7“ ~ 

-no, 

' ' f,88 


3 COMBINED 

13 

2585® 

2111, 

- 1207, 

S8i, 

22 ? 05 

“fHo'xPsorf Qjz //cP^icoo tz.jz, , > 

HYOROGRAPH AT 

la 

91® 

57® 

24, 

17. 

0-58 


R’duTEo TO' 

15 

-*§a 6 

^7 9 

24, 

“717, 

“ 0*5^ 


HYOROGRAPH AT 

15 

81 B 

54® 

22, 

18. 

0 9 39 

i 

HYOROGRAPH AT 

15 

118® 

92, 

51 , 

38, 

0 g 5 8 


2 COMBINED 

B 

198, 

144® 

73, 

" 54, 

0 ® 97 


ROUTED TO 

15 

102® 

102® 

. 73, 

54, 

0,97 

' 

2 COMBINED 

15 

183® 

153, 

97, 

71, 

1*55 

&0 8 i <£ iAhtiTg* AO. 

HYOROGRAPH ^T 

16 

; 2<^, 

175, 

71. 

52, 

1 ,69 


ROUTED TO 

17 

2^0® 

174, 

71 , 

52, 

1,69 


HYOROGRAPH AT 

17 

2c® 

17, 

7, 

5, 

0,12 


HYOROGRAPH AT 

17 

^0® 

29, 

is, 

11. 

0,17 


2 CG*BlNE0 

17 ; 


46® 

22, 

10, 

0,29 


ROUTEO TO 

17 

3 1 ® 

M 9 

22, 

U, 

0,29 


2 Combined 

1 7 

“ 270 , 

* 20 i. 

93, 

07. 

1 @ 98 

Ati/*T € tf'ftrs AO. 

HYDROGRAPh AT 

18 

157® 

118 ® 

&7, 

49. 

0,65 

la*£ co*/A/W6/M/n A as :a 

a COMBINED 

1 H 

3 1 6^ t 

2687 , 

5462, 

1069, 

26,23 

7T> IAJC£ A ASA 
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LOWER SILVER CREEK 
Recommended Ten Percent 
Design Flows Complete Urbanization 




r.:::? t **/:#'*-- A-%- '£■;■’■: :■■ 


Los Animas Adjustment 




V f *V *£*7 ;V'.iV 

■ /;">c V. 

RUNOFF SUMMARY > AVERA 6 E . 

fib** ; 


lt/ - 1 ; 

: Vi;**, - -Vi ^V*': 

. 


PEAK 

6®H0UR 24 

*>HOUR 

72-HOUR 

AREA 


' ■ 'HYDROGRAPH AT 

• • |8 

3134, 

2587 0 

1062, 

1 069 a 

26,23 

TtTgLOtA TO COofNW 

ROUTEO TO •■' .../ 

; S3 

•r 23l2 r * 

; 2028, 

18 35,-- 

. '1069; - 

26/23 

OiiTFlitifr CAkC 

.., '•• /K -ROUTED TO ,.L 

20 

2312, 

2028, .a- 

l«S f .-f 

>-1069, - 

-';/26,2 3 

: . A ’r££TE&~\ ‘ V- ‘--W • - v • - ' V 

•••Vfi--' .i-.. ^YDROGRAPH at 

■- '-20 

-60, - - 

■ ' 44, 

,v. 1 

14, 

5 

■' -.'Z&k ?=a - , -v . .*«•"-7 • **\i * * - 

■ ■■ - ’ .-4—^—*■* -—■„ -- . - 

.HYOROGRAPH AT 

20 

129 9 

90, 

8 « f 

32. 

0 f S3 


2 COMBINED 

20 

t @T 9 

132, 

63, 

46, 

0 8 88 


ROUTED TO 

20 

_ Alt... 


60 a 

««* . 

0*88 


. 2 COMBINED 

20 

-2404, 

2120 a - 

1095, 

1112 , 

27,11 

- _■ . -. _ . 

- . v. ROUTED .TO 

22 

2390 9. 

2116, . , 

1494 s 

1113, 

27,11 

siiSSR/jri/S 1 South &A&B c/c; 

■ ' HYOROGRAPH AT 

21 

S«i 

319, r 

00 * 

94, 

• 3 9 45 

* „ ~r. - - K >. 

ROUTED TO 

22 

3 8 9 9 

313, 

130, 

94, 

3,45 


HYOROGRAPH AT 

22 

48, 

31, 

12 . 

4, 

Q » 22 


HYOROGRAPH AT 

22 

76, 

55, 

27, 

20 . 

0,33 


I combined 

22 

uv 

6 8 § 

40, 

29, 

: 0,55 

J ’ -■/.. 

ROUTED TO 

22 

58 s 

SB a 

39, 

27, 

0,55 


3 COMBINED 

22 

aa? t 

364, " 

188^ 

12 tj 

- _ ilOO 

*SovT# &48e> u/g S/LV£K cfl. 

2 COMBINED 

22 

2554, ' 

2313, 

1656, 

1234, 

31,11 

S/cfFfz o/s sout/t? s^ee ctz. 

ROUTED TO 

23 

2548 , 

2312, 

1656, 

1234, 

31,11 


HYOROGRAPH AT 

23 

207, 

142, 

57, 

41. 

1,03 


hydrograph AT 

23 

243, ■ 

228, 

125, 

<53, 

1.5a 


2 COMBINED 

23 

497 , 

364, 

183, 

134, 

2,57 


ROUTED TO 

23 

267, 

2 66 g 

174, 

_ ... 1?7 , _ 

.. . 2,57 

/foer» S/iss u/s s/l !/£-*, c *. 

2 COMBINED 

25 

2615, 

2577, 

1830, 

1 3 6 0 0 

33,bB 

±/L¥£n- CJs. //dfi7// #/fe& 

ROUTEO TO 

2a 

2809, 

2577 , 

1830 , 

1360, 

33,68 


hydrograph AT 

2a 

123, 

81, 

32, 

23, 

0,60 


... HYOROGRAPH AT 

2a 

1*1. 

136, 

' 72. 

53, 

0,91 


2 COMBINED 

2a 

302, 

215, 

104, 

76, 

1.51 


ROUTEO TO 

2a 

159, 

157, 

99, 

72, 

1,51 


2 COMBINED 

?a 

2988 , 

2732, 

1920, 

1432, 

35.10 

G J~FcKSo^J Al/g. 

routed to 

2S 

29a8, 

2730, 

1 92 7 , 

1 432, 

35,19 


HYOROGRAPH AT 

25 

78, 

51, 

20, 

15, 

0,38 


."HYOROGRAPH AT 

25 

115, 

67, 

46, 

34, 

0,56 


, 2 COMBINED 

25 

192, 

137, 

66, 

48, 

0,96 


ROUTED TO 

25 

88, 

56, 

50, 

42, 

0,96 


I “ . 2 COMBINED 

25 

2999, 

*2784, 

1977, 

1474, 

36,15 

SUUSft <2 4 L\jfH /IChlK 

routed to 

27 

29*a, 

2782, 

1975, 

1473, 

36,15 

. 

HYDROGRAPH AT 

26 

140, 

95, 

39; 

28, 

0,97 


.. ROUTED TO 

27 

123, 

90, 

39, 

28, 

0,97 


HYDROGRAPH at 

27 

286 , 

186, 

75, 

54, 

1*41 


HYOROGRAPH AT 

27 

569, 

294, 

165, 

123, 

2,11 


2 COMBINED 

27 

630, 

469, 

' 241, 

177. 

3.52 


ROUTED TO 

27 

370 , 

365, 

229, 

167, 

3,52 


2 COMBINED 

27 

481 , 

435, 

267 , 

195, 

a. u9 

/n/6u£L>rA u/g guvSfL cn , 

2 COMBINED 

27. 

3ao2, 

3190, 

2242, 

1669, 

40,64 

gstistga. O/s sr?nsu£ur# 

ROUTED TO 

28 

3402, 

3190, 

2242, 

1669, 

40,64 


HYOROGRAPH AT 

28 

216, 

148, 

. 59, 

43. 

t. 1 4 


‘ .’ 'HYOROGRAPH AT 

28 

53, 

27, 

7 , 

5. 

1,72 


2 COMBINED 

28 

269, 

171 , 

67, 

48, 

2,86 


ROUTEO TO 

28 

248, 

149, 

55, 

40, 

2,86 


' V ” " "I COMBINED 

28 

■' 3471 , 

3288 e 

2297, 

1706, 

43,50 

-r-‘ . -.. ■ - c 0 .. 

• ROUTEO TO 

29 

3466, 

3287, 

2296, 

1708, 

43 8 50 

SILVER. IS)'COYOTE CK, ■ 
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GENERAL INFORMATION 


Upper Penitencia Creek is located in the eastern portion of the Santa 
Clara Valley, partially in the City of San Jose and partially in the incorpo¬ 
rated , area of Santa Clara County. Upper Penitencia Creek originates in the 
Diablo Range foothills at an elevation of about 3000 feet and flows westerly 
to its confluence with Coyote Creek at an elevation of 75 feet, 3100 feet 
downstream of King Road. The Upper Penitencia Creek watershed, shown in 
Figure 3-l^covers a drainage area of about 24 square miles of which 13 square 
miles are the drainage area of the major tributary , Arroyo Aguague. The 
majority of the watershed is located in steep foothills, while the flatter 
flow region, about one- tenth, of the watershed, is primarily urbanized. The 
mean annual precipitation for the watershed varies from 14 inches to 24 
inches. Regulation in the watershed is minimal, consisting mainly of Cherry 
Flat Reservoir with a capacity of 530 acre-feet and a drainage area of 2.2 
square miles. 
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GENERAL INFORMATION 


Upper Penitencia Creek is located in the eastern portion of the Santa 
Clara Valley, partially in the City of San Jose and partially in the incorpo¬ 
rated , area of Santa Clara County. Upper Penitencia Creek originates in the 
Diablo Range foothills at an elevation of about 3000 feet and flows westerly 
to its confluence with Coyote Creek at an elevation of 75 feet, 3100 feet 
downstream of King Road. The Upper Penitencia Creek watershed, shown in 
Figure 3-1 covers a drainage area of about 24 square miles of which 13 square 
miles are the drainage area of the major tributary , Arroyo Aguague. The 
majority of the watershed is located in steep foothills, while the flatter 
flow region, about one- tenth, of the watershed, is primarily urbanized. The 
mean annual precipitation for the watershed varies from 14 inches to 24 
inches. Regulation in the watershed is minimal, consisting mainly of Cherry 
Flat Reservoir with a capacity of 530 acre-feet and a drainage area of 2.2 
square miles. 
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DISCUSSION OF PROCEDURES 


Basin Characteristics and 1% Regional Flow 

Upper Penitencia Creek Watershed is divided into two major watersheds: 
Upper Penitencia rural, which includes subarea A; and Upper Penitencia urban. 


which includes subareas B and C (Figure 3-1)The subareas have the following 


basin characteristics: 



- 


Location 

Sub- 

Area 

^Drainage Area 
(sq. mi.) 

Mean Annual 
Precipitation 
(in.) 

Tc 

(hours) 

Q 1 % 

(cfs)' 

Upper Penitencia 
at USGS 1721 

A 

21.1 

21.5 

3.0 

5870 

Upper Penitencia 
at SCVWD #1 

B 

Aj=.41 

Ap=. 68 

% Ti 

15.5 T P 

“ . 25 

= , 1.6 

- 

Upper Penitencia 
at Coyote Creek 
Ai = 

Ai=.81 

C Ap=.91 

= impervious urban area 

Ti 

14.2 T P 

Ap = pervious 

= ,25 

= 2.5 

urban area 

- 


In rural areas, the preliminary evaluation of design flows from regional 
regression equations is determined using the drainage areas, mean annual 
precipitation and basin factors. These preliminary values are compared with 
peak flows obtained from rainfall by employing the unit hydrograph theory and 
HEC-1 program. Although this latter technique is used mainly to define design 
hydrographs, the resultant peak flow is compared and balanced against the 
regional one. As will be shown later, the end result of the above procedure is 
further compared with results from the site specific analysis of recorded data. 

Urban areas are treated based on the District's method of urban hydrology. 
The density of land use is determined by the ratio of impervious to pervious 
parts. 
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Analysis of Recorded Data and Adjustment of Regional R esults 

Three stream gaging stations, SCVWD #1, USGS #1721 and SCVWD #2, are 
located on Upper Penitencia Creek. The first station is located at Piedmont 
Road, the second at 4000 feet upstream of Piedmont and the third is located 
upstream of the confluence with Coyote Creek. This last gage was subject to 
the influence of urbanization and was therefor not used for the statistical 
analysis. 

The maximum annual flow from all of those stations are listed in Table 3-1. 
The following analyses discuss the various studies done to obtain the informa- 
Tion from this data and use it to adjust the information obtainable from ..the 
regional equations: 

1. Nolte Analysis 

In order to expedite the District's hydrology work to match the Federal 
Insurance Administration study schedule, George S. Nolte and Associates deter¬ 
mined the 1976 design flows on Upper Penitencia Creek using the District's 1976 
Regional Regression Equations (Reference 1) and Urban Hydrology Methodology 
(Reference 2). In their hydrology report for Upper Peniterfcia Creek of 
September 1977 (Reference 8), they outlined a problem encountered in the water¬ 
shed when comparing the Is flow predicted from the 1976 regional regression to 
the 1% flow predicted from Penitencia gage records. Specifically, at the same 
location, the regional regression equations were predicting values approximately 
twice those predicted from gages SCVWD #1 and USGS #1721. 

Using weighted gage-regional regression values, Nolte adopted a 1% flow 
va lue for their flood insurance study of 3600 cfs at the USGS gage. This value 
is based on data through 1976 only. 

In order to supplement his conclusion, Nolte applied the Soil Conservation 
Service hydrology method to Upper Penitencia Creek. Using AMC II and a curve 

numbered 61.3, the Soil Conservation Service value was found equal to their 3600 
cfs design flow. 
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TABLE 3-rl 
Annual Peak Flows 
on 

Upper Penitencia Creek 


Water 

USGS 

SCVWD No 

. 1 

SCVWD No. 2 

Year 

(21.1 sq. mi.) 

(22.2 sq. 

mi. ) 

(23.9 sq . mi . ) 


1943 . 


300 

340 

44 


290 

350 

1945 


350 

345 

46 


105 

146 

47 


0 

0 

48 


3 

23 

49 


51 

100 

1950 


150 

60 

'51 


170 

310 

52 


1400 

2320 

53 


22 

45 

54 


0 

10 

1955 


34 

90 

56 


640 

1080 

57 


8 

80 " 

58 

2100 * 

2200 

1060 

59 


19 

188 

1960 


42 

215 

61 


0 

0 

62 

198 

- 

260 

63 

295 

- 

75 

64 

86 

- 

80 

1965 

800 

- 

970 

66 

80 

28 

150 

67 

1500 

1500 

1300 

68 

298 

325 

410 

69 

386 

400 

550 

1970 

227 

123 

277 

71 

519 

148 

509 

72 

12 

17 

21 

73 

494 

224 

403 

74 

651 

928 

890 

1975 

376 

450 

546 

•76 

28 

26 

27 

77 

4 

4 


78 

376 

754 


* Historic 

information supplied 

to USGS by SCVWD. 
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2. Application of the Soil Conservation Service Material 

The end result of Nolte's work is documented in their FIA report 
(Reference 8), which concludes that the District method applies only to certain 
soil groups. However, this conclusion is based on one anomalous watershed and 
should not be applied generally without further comparative study. 

In addition, Nolte's application of the SCS method is limited to finding a 
Type II antecedent moisture condition (AMC II), which is based on calibrating 
the local 1964 and 1967 storms and their related floods. AMC II applies only 
to normal floods. For extreme events such as the 100-year flood, an AMC III 
should be used, and the curve number of 61.3, originally derived from AMC II, 
then becomes 79. The one percent peak flow then changes from 3600 cfs to more 
than 6000 cfs. This indicates that Nolte's study was inconclusive and under¬ 
estimating the flooding potential of that creek. 

3. Final Choice of Design Flows 

Nolte was doing this work to expedite the District's hydrology schedule 
to match that of FIA. The extreme differences that Nolte found instigated an 
in-depth analysis by the District of Nolte's procedure. The following is a 
summary of the findings; 

Nolte used the recorded data in Table 3-1 for SCVWD #1 in a manner that 
could be misleading. They excluded the 1948, 1957 and 1977 values on the basis 
that they are low flows. As a result of this exclusion, they obtained a 1% 
statistical value equal to 3560 cfs. The District analyzed the same data and 
found that the low flows did not qualify as low outliers according to the WRC 
Bulletin #17 (Reference 4). Hence, all the available data was used including 
the three lower values. The resultant 1% peak flow was estimated at 4000 cfs. 
Further analysis of the data, including the 1978 data point, yielded a 1% peak 
flow equal to 4200 cfs. 
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Table 3-2 shows the District analysis of SCVWD #1 with data through 1978. 
Because three zero flows were deleted, a WRC recommended adjustment was made to 
the gage which is shown on Figure 3.-2, This adjustment is essentially a curve¬ 
fitting procedure which results in the 1% flow as predicted by SCVWD #1 being 
4200 cfs. This value is based on 32 years of data. Table 3-3 shows the analysis 
of USGS gage #1721 with data through 1978. The 1% flow here is predicted to be 
3920 cfs, based on 44 years of statistical and historical records. 

The District's 1976 regional 1% prediction of 5870 cfs is based on an 
equivalent 19 years of streamflow data. Table 3-4 shows the results of weighting 
each of the predicted peak flows with their respective years of record. Based 
on log weighting 95 years of combined record, as recommended by WRC, the 1% 
peak flow at the gage site is 4340 cfs. This value is recommended for design 
purposes and results in a 26% reduction in the original regional value of 5870 
cfs. 

As shorn in Table 3-4, also, the 10% peak flow is recommended at 1370 cfs, 
which is a 44% reduction in the original regional value of 2440 cfs. 

Based on the same ratio between peak flow and volume .reductions as in the 
Las Animas adjustment (refer to Coyote Creek Hydrology section), the following 
adjustments were made on Upper Penitencia Creek to the 1976 regional equations 
for the peaks and volumes at the USGS gage. 


Upper Penitencia Creek Adjustment 
for Regional Regression Constants 




24-Hour 

2-Day 

3-Day 


Peak 

.Volume 

Volume 

Volume 

1% Flow 

.74 

.75 

.91 

.91 

10% Flow 

.56 

.60 

.78 

.78 


This indicates that Nolte's study underestimates the flooding potentials of 
this creek. 
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TABLE 3-2 

Flood -Fioi^ Frtku £j?C: 

scyi^ 0 & / 
Jhnt, 117 8 



FINAL RESULTS 






DAY 

6 

"3 

2 


«5»J 






10 
11 
21 
30 
25 


MONTH 

1 

* ‘ 2 . 
2 


YEAR 

1 943 
19 a a 
19/45 


N 

29 


./V -J2. 

FLOW 
300 . 
290. 
350. 


NQH 

0 


NOUTL 

o 


IYRA 

0 


IPLOT 

0 


3 ... Z*ro 

ORDERED 
2200 . 
1500 .." 
1000 , 


"f(<nAS _ d^l^4-. 


2 

7 

t 

1 

1 


1960 

1966 

1967 

1968 

1969 


v 42. 
28. 
1500, 
325. 
400 . 


148,_ 

123. 

105. 

51 , 
42. 


RANK 

1 

2 

3 


PLOT POS 
0,0333 
0,0667 
.0,1000 




4 : 

1 

1946 . 

105. 

9 28,_ 

: a 4 

0,1333 


zvk IF a — 

24 

3 

1948 

3. 

754 , 

5 . 

0.1667 

u 

' . 

10 

3 

■ 1949 

51. 

640 . 

6 

0,2000 



17 

1 

1950 

150. 

.450 ,. 

7 

0,233 3 



18 1. 


l’1951 1. 

a 7o. 

4 0 0 ,. • 

8. 

0,2667 



12 -ll: 


1952 

1 400 . - 

350. 

'9 

'•*. 0,3000 



30 ■■•ip. 

. ' 12__1 ;, >? : 

v 1952 

.22, _ 

V-: 325. , ... . 

to . 

0,3333 


i 

18 

i . 

1955 

34. 

300 . 

11 

0,3667 

o 


23 

12 \ 

1955 

640 , 

290. 

12 

• 0,4000 


’ /i/o/^e delate 

23 

2 

1957 


224, 

13 

0,4333 



2 . 

' 4 1 

1"1958 

220 0. 

170. 

14 v 

■ 0,4667 



18 • . 

2 

1959 

19. 

• 150. 

15 

0,5000 


16 

17 

18 

19 

20 


0,5333 

0,5667 

0,6000 

0,6333 

0,6667 


w 

1 

■3 ' 

1970 

123, 

34, 

21 

0,7000 


' ■ 2 

12 

1970 

' ,148. , 

26, 

22 

. 0,7333 


25 

12 

1971 

17. 

26, 

23 

0,7667 


27 

2 

1973 

224 . 

22'. 

24 

0,6000 

1 

1 

4 

1974 

920. 

19, 

25 

0,8333 

1 • 

~ 25 

.............. ^ 

1975 

’ . 4,50. 

A 17. 

26 

0,8667 

1 

13 

■ 4 ■ 

1976 

26. . 

, 8. , , 

27 

.0,9000 


//ol ana " 1 . 

■ i o: 

1976 - 


vl^4,_l_n, . 

28 

, 0,9333 


L y fit* If — 2 1 


1978 

754. 

3, 

29 

0,9667 


JX 


eF: rn idLi? 




MEAN 

STD DEV ,: 
COMPUTED SKEW 
REGIONAL SKEW 


2,0746 

0,7756 

-0,3542 

"99,0000 


71 



ADOPTED SKEW . »0 

, 3542 

n/rJ 

■=<?.?/ .._ 

.- . .. 


COMPUTED FLOW (cfi) 

probability 

,05 LIMIT •• 

,,;95 LIMIT 


9494, 

0.-002 

iDO ig . _ 

37653, 

3734 , 

■M 

6527. 


• oo 4 s" 

23566. 

'2714, 


4732, 

0^0.10 

>Oo<? 

15703, 

2061 , 

3285, 

0- r 0 2 0 

. otV 

10030, 

1506, 


2154 , ; 

. 0^4 0 

,0? & 

' • 5967 , 

1 044, 

W 

. 1082, 

-OiTO 0 

, o F 

2581 , 

568. 


546.- 

z-0-,-20 0 

■ . V 8/ 

■ ..... .... . 1141. ‘ ■ 

; 305. 

i 

132, 

0^5 0 0 

. * 

232, 

76. 

1 VJ 

27, 

Or^o 

, 

49, 

13. 


11, 

0.900 


3-9 22, 

5. 



















































































































































Table 3-3 


1 , 

., .___ Elo&tLi Eloid J~ rez/siniy' 

'•■' y : 7;7,.,. '7t'V .. yi±l # Llkl 

.77 / ■ t?7S> 


^ ' ‘ N NQH NOUTL IYRA IPLOT 

5. ' .'_*__...\... 17- t .. 0 . 1935 .0 


1 

. \ 

•#': 

FINAL RESULTS. V. 

7 .,;' 5V7-*• 

‘ ‘A. 

■f sy,' ■ 

' ':7''; ' • 

. \ 

vj 

A 

w 

DAY , MONTH YEAR 

FLOW 

ORDERED 

RANK 

PLOT POS 


16 

2 1962 

198. 

_2100,.. . 

1 

0,0222 



?8 

3.v: :v 1963 ' 

295, 

1 500 . 

2 - 

0,0759 

3 

* t 

o 

.■•■•• 21 :,7H:«7 

' 1W777;, 1969 

86 . 

: ■ • 80 0. 77 ^ 

3 

0,1302 


, 

: 23‘^irv-b 

127777... 196 9 

800 , 

. ;• 651 . ■ r. v 

9 

0,1896 ' 



28 

12 1965 

80. 

519, 

5 

0.2389 

• > 

, ) 

k; , 

21 

1 . 1967 

1500 , 

.99 9.- 

6 

0.2933 


1 

30 

1 1968 . 

29 8, 

.. 386, ,. 

7 

0,3977 



25 

1 Vv ' 1969 , 

386, 

v. . 376, ■ 

‘ 0 

0,9020 



'•> . 1 777 ■: 

?.3 77: >> 197 0 77 ; 

227,7 

>777 376, .77 

'■>7 9 

0,9569 

*! 

/ 

'' 2 ”K " ' 

12„7'7. 1970 

519, 

298, i_,: 

10 

0,5107 

, 


?5 

12 1971 

12. 

295. 

11 

0.5651 



18 

1 1973 

999. 

227, 

12 

0,6195 1 

■ A 

- "v 


i 

9 1979 

651 . 

198, 

13 

0,6738 



21 

3 y 1975 

376. 

77 . 86 , •. 

-.18 

0,7282 


'w 1 

2 

3, 1976' 

28. 

80, 

15 

0,7826 



^nd/y^e^~2 

4 •' • '197 7 * - 

9 . 

28,, 

16 

0,8369 


V ^ 

Joy /Vo/Ze •— ^5 

3 1978 

376. 7 

)•••• 12, 

17 

0,8913 


w 

2 

9 . . 1958 

2101T. ... 

■ 9. 

18 

0,9956 

fmt 





,1 '7,V^ 

'7>7^,-vv '; ’ 

.7 •' 

■ 


MEAN ' --.vV; 

2,2996 

* V. J.y'\ 


■ V 

'?• \*v ’7 



STD DEV ' 

‘0,6907"’ 


V •' .' ;'<N 

- /• ••* '• 

. ,■ ; \- 



COMPUTED SKEW 

-1,1837 






REGIONAL SKEW 

"0,6000 



"\ 




ADOPTED SKEW 

"0,6000 _ 

• 





w 

■ ' ■ix.:WsA- 



•. v^-V J K ' ‘ * •. 

■ ’ . 

' :7 ' b'' 



COMPUTED FLOW (ch) 

& PROBABILITY 


;• ,05 LIMIT 

,95 

LIMIT 7 • 

] 

® 

6209. 

0.002 


28779, 


2927, 


9869, 

0,005 


20770 , 


1986, 

^ ■ 


3921 , 

0.010 


15539,.. 


1658, j 

7* 


3090, 

0,020 ' 


. 7 1 1069, ' 


1339, “ j 



2290, 

0,090 


7 387, 


1039, •; 



1329, 

0.100 ■ 


„ ' 3737. 


658, 7 _ • ! 



770, 

0,200 


1869, 


903, . 1 


V-/ 

231 , 

0.500 


996, 


123, i 


i 

$5. 

0,800 


._ 105,. 


. 23,..-. ! 

Ti 

■M 


2«. . : 

: i;4 r o,90o vy . 


• y -.7.. 99, 

7d2- 

. v, 8. ■;- ! 

S • 

11, 

:& 0,950 

a;: -V. '-.'I . 

:t"7.26, 


3. ; 



2 . ■ 

; ; 0,990' 


7’7;,. r 7, 

;'- y ':H7. 

o. , i 


Vy 
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TABLE .3-4 




Upper 

Penitencia 

Peak Flow Analysis with 
(cfs) 

Data through 1978 




Exceedance 

Frequency 

(%) 

Regional 
(19 Yrs) 

uses 

#1721 

SCVWD #1 

Weighted 

Average 

-Log. Weighted 
Average 

Regional 

Adjustment 

without 1978 
(43 Yrs) 

with 1978 
(44 Yrs) 

without 1978 
(31 Yrs) 

with 1978 
(32 Yrs) 

without 

1978 

93 Yrs 

with 

1978 

95 Yrs 

without 

1978 

93 Yrs 

with 

1978 

95 Yrs 

(% Reduced 
for 1978) 

0.2 

8520 

6510 

6200 

7210 

7660 

7150 

7160 

7120 

7100 

17 

1.0 

5870 

4065 

3920 

3995 

4180 

4410 

4400 

4350 

4340 

26 

2.0 

4770 

3130 

3040 

2835 

2990 

3370 

3370 

3300 

3310 

31 

10.0 

2440 

1340 

1330 

960 

1005 

1440 

1440 

1360 

1370 

44 


For the 1%, it may be seen that the weighted average without 1978 data is 
almost equal to the log weighted average with 1978 data. This value is 
4340 cfs, the District adopted value. 



CONCLUSIONS 


Using the recommended adjustments to 1% and 10% peak flows and volumes 
at USGS Gage #1721, downstream flow rates were computed using the SCVWD 
Urban Hydrology Methodology, and the U. S. Army Corps of Engineers Plate 18 
storm distribution (Reference 6). The recommended 1% design flows are 
summarized in Table 3-5 along with the recommended 10% design flows in 
Table 3-6. The values in these tables should be rounded up to significant 
figures. 
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TABLE 3-5 


UPPER PENITENCIA CREEK 




RECOMMENDED 1% 

RUNOFF SUMMARY* A V ER AGE 

DESIGN 

FLOW 

FLOWS 


mmm, st t. 

HYDROGRAPH AT 

1 

PEAK 

4342. 

6 -HOUR- 24 
3497 . 

-HOUR 

1822. 

72-HOUR 

1 343. 

AREA 
,_ 2.L.J 4 

UPPcd PcrJf TFaJC/A AT USGS & JV2 i 

ROUTED TO 

1 

43 42. 

- •• ' 349 7 .\7;Wv' 

1822 . 

1343.4' 

. 21.10 


ROUTED TO -r... 

2 

4 31 3 . 

■''3494 

1822.■ 

... 1343.'£7 

21.10 

i 

HYDRQGRAPH AT 

2 

2 2 3. 

-v 16 3.- 

77 . ■■■'. 

' 56. 

0.6 ft 

■ _ ,■■■ ■ ..wvw ■-;V v wirw '' : W : ww 7 

HYOROGRAPH AT 

2 

127. 

101 . 

60. 

45. 

0.41 


2 COMBINED 

2 

355. 

26 3.- 

137. 

101 . 

1.09 


ROUTED TO 

3 

16 9. 

168. 

137. 

101 . 

1.0 9 


2 ; COMBINED 

2 

4481. 

3661 . 

1 957. 

■ 1444. 

2 2.19 

UPPER PEtfi T£aJc./a AT ESJOLEy S 77 

ROUTED TO 

3 

4366. 

WW' 4 3611.tSif ; -;: 

1952.7 

1443. 

f-f 2 2.19 

lAT SCVLOO # /) , -V AW' . 

HYDROGRAPH AT 

3 

2 7 3. 

V4 P* 201 .; : 

95. 

69. 

7 ; 0.91 

777 St: ; j7; 4: 0- 

HYDRQGRAPH AT 

3" 

2 37. 

18 8 . ! 

112 . 

• 83. ' 

0.81 


2 COMBINED 

3 

510. 

389. 

207. 

152. 

1.72 


ROUTED TO 

3 

269. 

26 7. 

205. 

152. 

1.72 


2 COMBINED 

3 

4 6 3 5. 

3878. 

2155. 

1596. 

7 2 3.91 

UPPER. PENiTSflJC/A AT cayors ■ 
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LOWER PENITENCIA AND BERRYESSA CREEKS HYDROLOGY 
Determination of Design Flows 
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GENERAL INFORMATION 

Lower Penitencia Creek has a total drainage area of 28.3 square miles, of 
which 22 square miles is the drainage area for Berryessa Creek (Figure 4-1). 
Berryessa Creek Watershed originates at 2,000 feet above mean sea level in the 
San Francisco East Bay Hills south of Calaveras Reservoir. The drainage course 
flows northwest through the City of Milpitas. Many tributaries and storm 
systems drain the urban area of the City and contribute to the Berryessa Creek 
channel flow. Mean annual precipitation across the Berryessa Creek Watershed 
ranges from 15 to 22 inches while that of the Lower Penitencia Creek Watershed 
above Berryessa Creek confluence ranges from 13 to 15 inches. There are no 
reservoirs in the watersheds. There are storage ponds along Berryessa Creek 
which have neglible effect on the channel flood flow values. 
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DISCUSSION OF PROCEDURES 


Basin Characteristics 

Berryessa Creek watershed is divided into two major watersheds: 

Berryessa rural, which includes subareas A, B, C, D, G, H, II and LI; and 
Berryessa urban, which included subareas D2, D3, D4, E, F, G2, 12, 13, J, K, 
L2, Ml, M2, M3, M4, N and 0 (Figure 4-1). A partial list of the rural and urban 
subareas has the following basin characteristics. 

Mean Annual .. 

Sub- ^Drainage Area Precipitation ' 2 ^^ 1/2 Tc 

Location area _ (sq. mi,) _ (in.) _ (mi. /f t/ft /2 ) (hours) 

Berryessa Crk 


@ Piedmont Rd 

A 


4.51 

19.8 

56.5 


1.11 

Sweigert Creek 
Upstream 
Berryessa Crk 

B 


.49 

15.9 

3.0 


.18 

Crosley Creek 
Upstream 
Berryessa Crk 

C 


.93 

15.8 

16.7 


.18 

Los Coches Crk 
Upstream 
Berryessa Crk 

H 


4.02 

18.0 

47.5 


.98 

Calera Creek @ 
Highway 680 

LI 


2.43 

19.0 

14.2 


.48 

Berryessa Crk 
@ Landess Ave. 

E 

Ai 

Ap 

-.54 
= .23 

15.1 

- 

Ti = 
Tp = 

.28 

1.46 

Piedmont Crk 
Upstream 
Berryessa Crk 

G2 

Ai 

Ap 

= .71 

= .34 

15.5 


Ti = 
Tp = 

.28 

1.46 

Ford & Wrigley 
Ditches U/S 
Berryessa Crk 

K 

Ai 

Ap 

=1.11 

= .43 

14.5 


Ti = 
Tp = 

.34 

3.10 

Lower 

Penitencia 

Crk U/S 


Ai 

= .63 



Ti = 

.34 


Berryessa Crk M4 Ap =.54 14.0 - Tp = 3.80 

*Ai = Impervious Urban Area; Ap - Pervious Urban Area 
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In rural areas, the preliminary evaluation of design flows from regional 
regression equations is determined using the drainage areas, mean annual 
precipitation and basin factors, These preliminary values are compared with 
peak flows obtained from rainfall by employing the unit/hydrograph theory and 
HEC-1 program. Although this latter technique is used mainly to define design 
hydrographs, the resultant peak flow is compared and balanced against the 
regional one. As will be shown later, the end result of the above procedure is 
further compared with results from the site’-specific analysis of recorded data 
if available. 

Urban areas, which constitute the larger part of the watershed, are treated 
based on the District's method of urban hydrology (Reference 2). The density 
of land use is determined by the ratio of impervious to pervious parts. 

Recorded Data and Application of Regional Regression Equations 

Inherent in the District hydrology method are checking procedures that 
utilize additional data wherever available. Recorded data, stochastically 

generated data, and data obtained from rainfall are utilized. Following is 

1’ ' ' 

a discussion of all these procedures and their application" to Berryessa 
Creek. 

There is one stream gage on Berryessa Creek, SCVWD #64, Berryessa Creek 
upstream of Calaveras Boulevard. This station was installed in 1969 and has 
seven years of flow data. Due to this short record and because of extensive 
urbanization upstream of the gage, the annual peak record was found to be too 
biased for statistical analysis especially in the calculation of the standard 
deviation. Analysis of the mean recorded data, which is less sensitive to 
the short (seven-year) record, was compared to the mean predicted by the 
regional regression equations. These values, shown below, indicate that the 
prediction by the 1976 regression is acceptable at the stream gage location. 
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Mean of Log Q's/Q (cfs) 


1976 Predicted Mean for Log Q 1 s/Q (cfs) 


2.32/210 2.41/255 

Using these regression equations the 1% flows @ various rural locations are 
shown below: 

Location 1% Flow from Regression - c,f.s. 

Berryessa @ Piedmont 1580 

Sweigart @ Berryessa 242 

Crosley @ Berryessa 450 

Los Coches @ Berryessa 1420 

Calera @ Highway 680 892 

Flood Estimates 'from Precipitation 

In Santa Clara County the mean annual precipitation (M.A.P.) reflects well 
the integrated effects of availability of atmospheric moisture, of elevation and 
topography, and of efficiency of the orographic mechanism, which are significant 
parameters of storm rainfall. It was, therefore, possible to develop a relation¬ 
ship of storm values vs. M.A.P. for different durations and frequency using data 
collected from rainfall stations in and around the County. The 24-hour rain with 
an exceedance frequency of 1% is used as the design storm. 

The unit hydrograph theory was employed to convert rainfall to runoff. 
Clark's synthetic unit hydrograph was used with the Corps of Engineers' 24-hour 
standard storm distribution and a 30% loss rate. Using this approach, the 1% 
peak flow rate at the confluence with Coyote Creek is 7,000 cfs. This is a 
rough figure and a parameter optimization technique would be necessary to refine 
it further; however, it does provide a guide to prevent gross errors in the final 
choice of design values. 
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OTHER STUDIES - PAST AND PRESENT 


The hydrology of Berryessa and Lower Penitencia Creeks was studied by the 
Santa Clara Valley Water District in 1967. This present work, which depends 
on the 1976 equation, was done by Nolte Engineers as a part of their FIA work. 
Comparison between the 1967 and 1977 design flow values (Table 4-1) shows that 
the 1977 values are increased at the rural areas. The increase is reflected 
throughout the downstream urban watershed. 

To check the reason of this increase, the U. S. Geological Survey 
Regression Equations for the San Francisco Bay Region were applied to rural 
areas. The resultant 1% flow rate was comparable with the Districts. 
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TABLE 4-1 


Berryessa Creek 
Comparative 1% Design Flows 


Drainage Area 1967 SCVWD Regression 


_ Location ___ (mi. 2 ) _ (cfs) 

Berryessa Creek at Piedmont Road 4.51 1150 

Berryessa Creek Downstream 

Sweigert Creek 5.00 1400 

Berryessa Creek Downstream 

Sierra Creek 7.70 1900 

Berryessa Creek @ Landess Ave. 8.76 2000 

Berryessa Creek Downstream 

Piedmont Creek 11.05 2500 

Berryessa Creek Downstream 

Los Coches Creek 15.07 3500 

Berryessa Creek Downstream 

Tularcitos Creek 17.03 4100 

Calera Creek at 1-680 2.43 700 

Calera Creek Upstream 

Berryessa Creek 2.93 750 

Los Coches Creek Upstream 

Berryessa Creek 4.02 970 

Sierra Creek at Piedmont Road .82 140 

Tularcitos Creek Upstream 

Berryessa Creek 1.98 700 


1976 SCVWD Regression 

_ (cfs) _ ' 

1580 

1780 

2390 

2550 

2980 

4020 

4450 

890 

920 

1420 

190 


450 



CONCLUSIONS 

This report presents a review of the information available for analysis 
of the hydrology of Berryessa and Lower Penitencia Creek Watersheds. 

The flow rates have been computed from the 1976 Regional Regression 
Equations coupled with the urban hydrology methodology and compared with other 
studies. 

The 1% design flow at the Coyote Creek confluence (6980 cfs) obtained from 
analyses based on the regional regression compares favorably with the value 
obtained from data generated by rainfall (7000 cfs)i The results obtained from the 
1976 regional equations and the application of the urban model have therefore 
been chosen and used here for the sake of homogeneity with other non-instrumented 
watersheds. Figure 4-2 shows frequency curves at various locations while the 
1% and 10% design flows for Berryessa and Lower Penitencia Creeks are summarized 

in Tables. 4-2 and 4-3, respectively.- The values in these tables 1 should be 
rounded up to significant figures. 
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TABLE 4-2 (continued) 


2 OCRS INED 

■ - 7 

2982 * 

2285. 

1365. 

8 94. 

11*05 

Berry £SS£<- c//s P/edmo^-t Cs-eek 

ROUTED TO 

8 

29*7* 

2284. 

1365. . 

8 94. 

11*05 

HYORO&RAPH AT 


1420. 

843. 


304. 

.4*« 

/Jrrsyo c/e /os Foehns o/s Berry e ssc^ Cc^zjlIc 
S e fryessc^ d/s /os C^/ies Creek 

ROUTED to 

8 

1420. 

843. 

470 * 

304. 

4*02 

2 COMBINED 

8 

4023. 

3113. 

1823. 

1187* 

15*07 

ROUTED TC 

9 

4022, 

3113. 

1833. 

1187. 

15.07 

HYCaCH^ARH AT 

9 

240. 

128. 

71. 

46. 

C.64 


ROUTED T0 

9 

240. 

128. 

71. 

46. 

0464 


HYCRDGRAFK AT 

9 

25?. 

133. 

73. 

47. 

fc.65 


HYOROGRAPH AT 

9 

1D3. ■ 

76. 

48. 

. 32* 

0*33 


? COMBINED 

c 

357. 

206. 

121. 

79. 

0.93 


ROUTED TC 

9 

166. 

165. 

■ 121. 

79. 

0.98 

7F l<xc ct ~l~o 5 _ZT— (&8o 

? COMBINED 

/8 

412. 

288 . 

191. 

125* 

1.62 

ROUTED TO 

o 

377. 

288. 

191. 

125. 

1 *6? 


HYDROGRAPH AT 

9 

94. 

51. 

28. 

IS. 

if* 25 

-. ; ■ - 

HYDROGRAPH AT 

9 

28. 

21. 

r 13. 

9. 

0.09 


7 COMBINED 

o 

126. 

71. 

41. 

27 er 

0.34 


ROUTED TO 

9 

71. 

68 . 

■ • 41 . 

27. 

0.34 

- - - , _ 

? COMBINED 

9 

448. 

356 . 

232 . 

151. 

1.96 

7~u-las'c. t kos °/ s /Perry e<z _so- Creek 

2 COMBINED 

? 

44*54. 

3469. 

2065. 

1349. 

17.03 

Berry d/s Yu l<*.r c,//os Creek 

ROUT PC TO 

iO 

4430. 

3466. 

>064. 

1349. 

17*03 

HYDRCGRAPR AT 

It 

162. 

S3. 

45. 

29. 

0*42 


HYDROGRAPH AT 

10 

39. 

29. 

18. 

12. 

4**13 


7, COMBINED 

lb 

23 d. 

111. 

64. 

4h 

0*55 

-'.. 

ROUTED TO 

10 

93. 

33. 

62. 

41. 

#*5 5 


2 COMBINED 
ROUTED IQ 

10 

11 

4483. 

4472. 

3518. 

.,3518. 

2112. 

2112. 

1390. 

139$. 

IT.58 
17*58 

Berry a6S cx ^/s Or^lAa^ Lc^yo rv , 

HYDROGRAPH AT 

u 

120. 

84* 

45. 

o' 29. 

0*43 


HYDROGRAPH AT 

11 

336. 

244. 

154. 

' 103. 

1*11 


2 COMBINED 

11 

429. 

328 . 

200. 

132. 

1*54 

Ford 4 Or;j ley /)}/cke.s u/s Perry ers<^ 0*slIc 
Berry ess^ d/s Ford i Prijley diiohes 

ROUTED TC 

11 

424. 

328. 

?OG. 

132. 

1.54 

2 COMBINED 

11 

4884. 

3844. 

2311* 

15 22® 

19.12 

ROUTED TO 

.12 

4883. 

-3844. 

. 2311#— -■ 

1522* - 

19.12 

HYDROGRAPH AT 

/<? 

893. 

520. 

284* 

183* 

2*43 

Co.lera (0 J4- C$o 

ROUTED TO 

1 

893*. 

. 520. . 

284. 

1 S3 . 

2*43 

ROUTED TO 

2 

854.- 

- 518. 

284* • 

103*- 

7*43 

--4- .- - - - - - - ■ ■ - f 

HYDRPGRAPH AT 

? 

91. 

49. 

26. 

17. 

0*24 


HYDRO-GRAPH AT 

2 

82. 

59. 

37. 

25. 

0*26 


-2 COMBINED 

2 

--. 168. 

lfc-7* 

-64. 

42* 

0*50 

... - ... . 

ROUTED TO 

2 

71. 

70. 

461 * 

42® 

; - a*5£ 

CcL/ercL ir/s Berryessc^ Creek F'F 

2 COMBINED 

/X 

922. 

586* 

340. 

225. 

. . 2,93 





TABLE 4-2 (continued) 


7 ' - f _ ;' 

. 4- ; ,.; •-' • 

RUNOFF SUMMARY, AVERAGE FLOW 


—;" k r • t ;’ kk- 1 /' t ‘.-rV ' 

-k.~ -'-.^ 

k^-- . : 

-' ‘ PEAK' " 

" ' 6 -HOUR 

" '24-HOUR ' 

TE-TfC'UR ; 

AiVEA n .T 7 r k » 

HYDROGRAPH AT 

/2 

5642. 

4408 . 

2651« 

1744. 

22*05 befCjesSct- <*/$ Calero, C ree/C 
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LABLE 4-3 continued; 
BERRYESSA CREEK 


Recommended 10% Design Flows 

R.UNPF F“SUMMAR VT^VER'AGT”FCUW- 




PEAK 

6-HGUR 

24-HOUR 

72-HOUR 

AREA 

HYDROGRAPH AT 

1 

TOO* 

399® 

239* 

155® 

4.51 

ROUT t D TC 

1 

700* 

399. 

239. 

155* 

4.51 

ROUTED TO 

1 

672. 

399 a 

239* 

1 55* 

4*51 

HYDROGRAPH AT 

1 

Ill* 

57® 

27* 

17* 

0*49 

ROUTED TO 

1 

III. 

37 * 

-< -V 
£. 9 » 

17* 

0.45 

ROUTED TO 

2 

1^9* 

37* 

27* 

17. 

0*49 

2 COMBINED 

2 

772* 

454* 

266® 

172® 

5.00 

ROOTED TO 

2 

772* 

454* 

266* 

172* 

5*00 

HYDROGRAPH AT 

3 

191. 

113® 

55® 

35* 

0.93 

ROUTED TO 

3 

!°1« 

. 113® 

55* 

35® 

0*93 

ROUTED TO 

3 

187* 

113® 

55® 

35® 

0*93 

2 COMBINED 

3 

947* 

564. 

321. 

208* 

5*93 

ROUTED TO 

4 

925* 

5 64* 

321® 

2£8. 

5*93 

HYDROGRAPH AT 

1 

151* 

88* 

42* 

27® 

0*82 

ROUTED TO 

1 

151*. 

88* 

42* 

27® 

0*82 

ROUTED TO 

/£ 

143* 

87® 

42® 

27 * 

0*32 

ROUTED TO 

2 

137* 

87 * 

42® 

27* 

0*82 

HYDROGRAPH AT 

rs- 

■77* 

39®- 

18® - • 

11® 

0*33 

HYDROGRAPH AT 

2 

66* 

48* 

30* 

20. 

0*32 

2 COMBINED 

2 

139® 

So ® 

4S* 

31* 

0*65 

ROUTED TO - - 

2 

- I 30® 

85 . 

47® 

-.31. - 

• 0*65 

2 COMBINED 

/2 

266 * 

172® 

89® 

58. 

. 1.47 
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3 
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171® 

89® 

58. 

1.47 

HYDROGRAPH AT 

3 

2e* 
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7* 

4 * 

0*12 
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27® 

17* 

11* 

0*18 
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3 
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5® 

3* 
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41 9 
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- - 3. 
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.‘■f:- ■ 8.76 

- B-Yd ROG R. A PH - ; A-T 

■™ 




• - :; - ■-£;* - 

- L ’ C?I : 04' 

.HYDROGRAPH AT 

6 

. ,84® - 


•• % -'30* 

: 20. 

0.32 

-2 COMBINED 

■ 6: ■ ■ 

■a' • .‘--93® - 

; •- 54® 

,•;: 32 « 

21 . 

.•0.36 


8 


err /^ Piedmont Pd. 


Suoe e r~t ujs 8 err ye rse- Creek. 
8e.rryesSc^. jJ/s 3uJ<i/jzr& Crecfc. 


Ccoslcy ojs BerryCreek 
{Berry es?ci/s Crns/ey Creek 


^errcL <eP Pi edmor?C (kd~ 


Sierra © tiozieiter IZ<£. 


Ujs 8<zrrjefS6L. Crtek 
rcjQSSo- djs S/err<aL Creek 


Sierra- 

Be 


e 


erryess#- @ Crty>l&y _ $d, 


i V<± , ; 


a fhy^t: j 
V. -''ROUTE o.-.:t6‘ 


icc&m'C: 




- A'B ! » ' j , a' 

' '•:'■> 43., A : : S: -28^ 

iMim. 











TABLE 4-3 VcuutiiiuecU 


-ps> 

1 


2 COMB IN'SD 

7 

1719. 

1197* 

678® 

441. 

■ 11*05 

ROUTED TO 

; 8 ■ 

. 1712* 

1196. 

678® 

■ 441® 

11.05 

HYDRQGRAPH AT 4. 

r - 

: 615v: : " 

4tr ^ -- 

..-. t02*'-rr 


:4*02 

ROUTED TO 

.8-\ 

••615* ' 

. 403. 

202® 

- 138. 

77^4.02' 

2 COMBINED 

. 8 

2273* 

1596. 

. 879«- 

. 571. 

15.07 

ROUTED TO 

■ -9 — 

-2255* 

1595* 

879® 

571®“* ■ 

'.15*0 7 

HYDRQGRAPH AT 

9 

1 20* 

64* 

30 * 

19® 

e®64 

ROUTED TO 

9 

176* 

64 * 

.20 * 

19® 

0.64 

HYDROGRAPH AT 

9 

'■ 167* 

- 78* 

■ 36* ' 

r 23. 

-©.65 

HYOROGRAPH AT 

9 

. 70* 

• 50*- 

31* • 

' 21* 

0*33 

2 COMBINED 

9 

235* 

127* 

67® 

44® 

^.98 

ROUTED TC 

9 
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67* 

^ ' 44® 

e*98 

2 COMBINED 

IS 

280. 

189* 

97® 

63. 

1.62 
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269* 

189* 

97® 

63® 

1.62 

HYOROGRAPH AT 

.9 • 

- ' 64* 

.3#* 

14® 

- 9. 
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19* 
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■ ■•: 8. 

6® 
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TABLE 4-3 (continued) 


RUNOFF SUMMARY* AVERAGE F1QM 




peak:*" 


•• 24-HbUR 

72-HOUR 

' *** 'ARE* 

HYDROGRAPK AT 

1 

3154* 

2354* 

1518® 

860® 

22*05 

HYDRPGRAPH AT 

1 

138* 

95* 

44® 

28® 

0*85 

KYOROC-RAPH AT 

.:-. ' 1 

' . 171*-'" 

",r -. 223®- 

“ ^- . 76® 

— -.--- 51® 

.0.85 

2 COMBINED 

1 

283*.' 

'218® 

120® 

79® 

' ,1.70 

ROUTED TP 

: '‘1 

2T8* 

"217® 

. 12§* 

79® 

, 1.70 

ROUTED TO 

. 20 ’ 

-27T» " 
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- -12C?® 

-79® 

--•1.70- 

HYDROGRAPH AT 
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59® 

38® 

1.17 
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1 

150® 

ICS® 

67 « 
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.' 

—.- 

-~-~Z3 .£*- 

--126*' 
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S3® 

1>95 

-r^tOHElNEO ■ 

2-€>' 

- 567® 
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